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PREFACE. 


Haying b66ii reQ[iiGst6<i by tbo publisbcr of tliG 
well-known series of rudimentary treatises to adopt 
a similar plan on the subject of The Combustion of 
Coal, Chemically and Practically Considered,” and 
entirely approving of the same, the follo^ring paper 
will supply the necessary information on what involves 
not only the great manufacturing interests of the 
kingdom, but that of steam navigation and locomotion 
on our railways : in a word, all that has reference to 
the use of our native coal, and obtaining from it the 
largest measure of available heat. 

The great practical value of the plan of rudimcntarif 
treatms is now so generally recognised as to require 
no comment, and in no instance is it more likely to be 
available than in embodying all that has hitherto 
said on the construction of furnaces and boilers of iM 
descriptions. Through the instrumentality of 
mentary treatises, much useful information is broi 
directly within reach of the great industrial popii'" 
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ls:ingdom, and on terms wliicli were incompatible 
^vitlx -tile more costly pulolications hitlierto adopted. 

T^li.ese considerations have induced me willingly to 
acco<5Le to th.e publisher's views, instead of preparing 
^ Xt^w, or Fourth Edition, of works now out of print, 
n.rx6L to give the whole in the form of a “ rudimentary 
trea.tise.” 

C. WYE WILLIAMS. 

XiivERPOoiij 1858. 





PEEFACE TO THE EIEST EDITION, 


Being mucli interested in the improvement of steam 
vessels, from my connection with several steam navi¬ 
gation companies, and having had a longer and more 
extended experience in the details of their building 
and equipping than, perhaps, any individual director 
of a steam company in the kingdom, my attention has 
been uninterruptedly given to the subject since the 
year 1823, when I first established a steam company, 
and undertook to have the first steam-vessel constructed 
capable of maintaining a commercial intercourse across 
tlic Irish Channel, during the winter months, and 
which, till then, had been considered impracticable. 

The result of this long experience is the finding, 
that, notwithstanding the improved state to which the 
construction and appointments of the hull and general 
machinery of steam-vessels have arrived, great uncer¬ 
tainty and risk of failure still prevail in the use of fuel 
and the generation of steam. 

It is true, the engineer, who undertakes the con- 
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struction of the engines, also undertakes that the 
boilers shall provide a sufficiency of steam to work 
them; but what that sufficiency means, has not been 
decided; and, in too many instances, the absence of 
some fixed data on the subject leaving the evils of a 
deficiency of steam or a great expenditure of fuel 
unabated. 


So long as the operations of steam-vessels were 
confined to coasting or short voyages, the conseq[uences 
of these defects in boilers, as regards the quantity of 
fuel, were a mere question of pounds, shillings, and 
pence. When, however, those operations came to be 
extended to long sea voyages, these consequences took 
a more comprehensive range, and involved the more 
important question, whether such Yoyages were 'prac¬ 
ticable or profitable. 

From being so deeply interested in the improvement 
of this department of steam navigation, I have watched, 
with no small anxiety, the efforts of the engineers to 
arrive at some degree of certainty in what was admitted, 
on all hands, to be the most serious drawback to the 
successful application of steam-vessels to long sea 
voyages. I perceived the absence of any well-founded 
principle in the construction of the boiler—that the 
part on which most depended appeared least under¬ 
stood, and least attended to, namely, the furnace; and 
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that this was too often left to the skill (or want of it) oJ 
working boiler-makers. I saw that, although the great 
operations of combustion carried on in the furnace, 
with all that belongs to the introduction and employ¬ 
ment of atmospheric air, were among the most difficult 
processes within the range of chemistry, the absence of 
sound scientific principles still continued to prevail; 
yet on these must depend the extent or perfection of 
the combustion in our furnaces. 

Years were still passing away, and wliile every other 
department was fast approaching to perfection, all that 
belonged to the combustion of fuel—the production of 
smoke—and the wear and tear of the furnace part of 
the boiler, remained in the same status quo of uncer¬ 
tainty and insufficiency; and even that boilers and 
their furnaces, constructed within the last few years, 
exhibit still greater violations of chemical truths, and 
a greater departure from the principles on which nature 
proceeds. 

In the proper place I will show, that, of late years, 
as much uncertainty as to the success of a new boiler 
has prevailed as when I first began operations, thirty 
years ago; and that few boilers, for land or marine 
engines, exhibit more 'hi the way of effecting perfect 
combustion or economy of fuel than those of any former 
period since the days of Watt. 



PEEl'ACE* 


viii 

I do not affect to giye any new view of the nature of 
combustion, Wliat I take credit for is, the practical 
application, on the large scale of the furnace^ of those 
chemical truths which are so well known in every 
laboratory, I also take credit for bringing together 
the scattered facts and illustrations of such authorities 
as bear on the subject before us, and so applying them 
as to enable practical men to understand that part 
which chemistry has to act in the construction, arrange¬ 
ments, and working of our boilers and furnaces. 


0. W. WILLIAMS 
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ON THE 


COMBUSTION OP COAL 

AND THE 

PREVENTION OF SMOKE. 


PART FIRST. 

CHAPTER I. 

OF THE CONSTITUENTS OE COAL, ANH THE GENERATION 
OE COAX GAS. 

In tlie following treatise I do not undertake to sliow liow 
the smolce from coals can be bivmed ; but I do undertake to 
show bow coals may he burned loitliout smolcc ; and this 
distinction involves the main question of economy of fuel. 

"When smoke is once produced in a furnace or flue, it is as 
impossible to burn it or convert it to beating purposes, as it 
would be to convert tbe smoke issuing from the flame of a 
candle to tbe purposes of beat or light. 

When we see smoke issuing from tbe flame of an ill- 
adjusted common lamp, we also find tbe flame itself dull and 
murky, and tbe beat and light diminisbed. in quantity. Do 
we then attempt to hum that smoJee ? No; it would be 
impossible. Again, when we see a w^ell-acljusted Argand 
lamp burn without producing any SQUoJee, we also see the 
flame white and clear, and tbe quantity of beat and liglit 
increased. In this case, do we say the lamp bit^rns its smoke? 

B 
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^^0; we say tlie lamp l)UTns without smolce. This is the fact, 
and it remains to he shown why the same language may not 
he applied to the combustion of the same coal and the same 
gas, in furnace, as in the lam^. 

In a treatise purportiug to describe the means of obtaining 
the largest quantity of heat from coal, the first step is an 
inquiry into the varieties of that combustible and its respec¬ 
tive constituents. 

The classification of the various kinds of coal, the details 
of an elaborate analysis, made by Mr, Thomas [Richardson, 
with the aid of Professor Liebig, are as follows:— 


Species of Coal. 

Locality. 

Carbon. 

Hydrogen. 

Azote and 
Oxygen. 

Ashes. 

Splint. 

>> . 

Cannel . 

>} . 

Cherry . 

if . 

Caking . 

ff . 

Wylam . 

Gflasgow. 

Lancashire... 
Edinburgh... 
Newcastle ... 

Gflasgow. 

Newcastle ... 
Durham. 

74-823 

82- 924 

83- 753 
67-597 

84- 846 
81-204 
87-952 
83-274 

6-180 

5-491 

5-660 

5-405 

5-048 

5-452 

5-289 

5-171 

5-085 

10- 457 
8-039 

12-432 

8- 430 

11- 923 
5-416 

9- 036 

13- 912 
1-128 
2-548 

14- 566 
1-676 
1-421 

1- 393 

2- 519 


The most important feature in reference to this analysis 
IS the large proportion of hydrogen which all bituminous 
coal contains, and which may be estimated at per cent.— 
hydrogen being the main element in the evolved gas, and by 
the combustion of which flame is produced. 

The theory of combustion is now well understood by 
scientific men; but, as a f Tactical art, it still remains at a 
very low ebb. 

We know, scientifically, that carburetted hydrogen and 
the other compounds of carbon require given quantities of 
atmospheric air to effect their combustion; yet we adopt no 
means, 'practically, of ascertaining what quantities are sup¬ 
plied, and treat them as though no such proportions were 
necessary. . ^We know, scientifically, fhe relative proportions 
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in which the constituents of atmospheric air are combined : 
jet, 'practically, we appear wholly indilferent to the distinct 
nature of these constituents, or their effects in combustion. 
We know, scientifically, that the inflammable gases are 
combustible only in proportion to the degree of mixture and 
union which is effected between them and the oxygen of the 
air; jQt,practically, we never trouble our heads as to whether 
we have effected such mixture or not. These and many 
similar illustrations exhibit a reprehensible degree of care¬ 
lessness which can only be corrected by a sounder and more 
scientific knowledge of the subject; and this can only be 
attained through the aid of chemistry. 

The main constituents of all coal, as we see in the pre¬ 
ceding table, are carlon and hydrogen. 

In the natural state of coal, the hydrogen and carbon are 
united and solid. Their respective characters and modes of 
entering into combustion are, however, essentially different; 
and to our neglect of this primary distinction is referable 
much of the difiiculty and complication which attend the use 
of coal on the large scale of our furnaces. 

The first leading distinction is, that the bituminous portion 
is convertible to the purposes of heat in the gaseous state 
alone; while the carbonaceous portion, on the contrary, is 
combustible only in the solid state ; and, what is essential to 
be borne in mind, neither can he consumed while they remain 
■united. 

The use of the term ^fiaelfi as applied to the combustion 
of coal during its several processes in the furnace, without 
reference to any particular constituent, whether gaseous or 
solid, is sufficiently indicative of the inattention to the 
cliemical conditions of combustion."^ 

Many instances of inattention iniglit licrc he given. Tlic following 
will snfiice. In a popular treatise on the steam-engine, hy Dr. Larclner, 
spealdng of Brnnton’s revolving grate, he observes, “The coals are let 
down from the hopper on the grate, and as they descend in very small 
quantities at a time, ilmj arc almost immediately ignitedi^ Here the coal 

B 2 











THE com;btjstioh oe coal 


4i 

Tlie general impression is, tliat coal, spoken of under the 
objectionable term of enters into combustion at once^ 

on the application of heat, and that, during such comhistion^ 
it evolves the gaseous matter which it contains. This, 
however, is neither correct nor scientific, and evades an 
important feature in the use of coal, namely, the order in 
which the gaseous and solid portions come into use as heat¬ 
giving media. 

When heat is first applied to bituminous coal, the ques¬ 
tion naturally arises. What becomes of it ? or. What is its 
effect? 

A charge of fresh coal thrown on a farnace in an active 
state, so far from augmenting the general temperature, 
becomes at once an ccbsorhent of it, and the source of the 
volatilisation of the bituminous portion of the coal; in a 
word, of the generation of the gas. ISTow, volatilisation is 
the most cooling process of nature, by reason of the quantity 
of heat w’hich is directly converted from the sensible to the 
latent state. So long as any of the bituminous constituents 
remain to be evolved from any atom or division of the coal, 
its solid or carbonaceous part remains black, at a compara- 
, tively low temperature, and utterly inoperative as a heating 
body. In other words, the carbonaceous part has to wait its 
turn for that heat which is essential to its own combustion, 
and in its own peculiar way. 

If this bituminous park be not consumed and turned to 
account, it would have been better had it not existed in the 
coal; as such heat would, in that case, have been saved and 


is represented as being ic/nked, or converted into flame, which is incorrect* 
Coal-gas m’ay be converted into flame, and colce may be ignited, but coal 
can neither be ignited nor converted into flame. 

Again, ‘ ‘ But, nniil their ignition is complete, a smolce will arise, 
w'hich, passing to the flue over the burning coal, will he ignited .Here it 
is the gas which is ignited—the term smolce being improperly used instead 
of gas. This, also,' is incorrect, as smolce, properly spealdng, being once 
formed, cannot be ignited or inflamed in the same furnace. 
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become available for tbe business of the furnace. To this 
circumstance may be attributed the alleged comparatively 
greater beating properties of coke, or anthracite, over 
bituminous coal. 

The point next under consideration will be the processes 
incident to the combustion of the gaseous portion of the 
coal, as distinct from the carhonaeeoiis or solid portion. 


CHAPTER II. 

OF GASEOUS COMBUSTATIONS, Aifl) PAETICULABLV OF THE 
UNIOH OF COAL GAS AND AIE. 

Havikg pointed out the leading characteristic in the use 
of coal, arising out of its elementary divisions ’bituminous and 
carbonaceous, our next step is, its union with atmospheric 
air. This part of the subject will require the more attention, 
as the practicable economy in the use of coal will be found 
connected with the combustion of the gases. The mechanical 
engineer may ask, What has this to do with boiler-making 
and furnace-building ? Nevertheless, it involves the whole 
question of right or wrong, so long as a furnace is to be 
part of a boiler, and that coal is to be consumed in that 
furnace. 

On the application of heat to bituminous coal, the first 
result is its absorption by the coal, and the disengagement 
of gas, from which fiame is exclusively derivable. 

The constituents of this gas are, hydrogen and carbon: and 
the unions which alone concern us here are, carburetted 
hydrogen and bi-carbureUed hydrogen, commonly called 
olefiant gas. 

Combustibility is not a quality of the combustible, talcen 
by itself. It is, in the case now before us, the union of the 
eombiostible with ocoygen, and which, for this reason, is called 
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tlie supporter neither .of which, however, when taken 
alone^ can be consumed.* 

To effect combustion, then, we must have a combustible and 
a supporter of combustion. Strictly speaking, combustion, 
means union; but it means chemical union. 

Let us bear in mind that coal gas, whether generated in 
a retort or a furnace, is essentially the same. Again, that, 
strictly speaking, it is not inflammable ; as, by itself, it can 
neither produce flame nor permit the continuance of flame 
in other bodies. A lighted taper introduced into a jar of 
carburetted hydrogen (coal gas), so far from inflaming the 
gas, is itself instantly extinguished. Effective combustion, 
for practical purposes, is, in truth, a question more as 
regards the air than the gas* Besides, we have no control 
over the gas, as to quantity, after having thrown the coal on 
the furnace, though we can exercise a control over that of 
the air, in all the essentials to perfect combustion. It is 
this which has done so much for the perfection of the laonp, 
and may be made equally available for the fwrnace; ■ yet, 
strange to say, in an age when chemical science is so 
advanced, and iu a matter so purely chemical, this is pre¬ 
cisely what is least attended to in practice* The howy and 
the when, and the where this controlling influence over the 
admission and action of the air is to be exercised, are points 
demanding the most serious consideration, and can only be 
decided on strict chemical principles. 

* In ordinary language, a body is said to burn when its elements unite 
witb the oxygen of the air, and form new products. One of the bodies, as 
hydrogen, is termed the burning or combustible body, and the oxygen is 
said to be the supporter of combustion ; but this language, although con¬ 
venient for common use, is incorrect as a scientific expression, for oxygen 
may be burned in a vessel of hydrogen, as well as hydrogen in a vessel of 
oxygen, the one and the other being equally active in the process, and 
being related to each other in every way alike .’'—Elements of Chemistry^ 
hy Eohert Kane, M*D, Pai*t L, p. 285. 1840. 
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CHAPTEE III. 

OE THE COKSTITIJEHTS OE COAL HAS AHH AIE, AHD THE 
EELATIYE QUANTITIES KEQTTIREI) EOS COMEHSTION. 

The first step towards effecting the combustion of any gas, 
is the ascertaining the quantity of oxygen with which it will 
chemically combine, and the quantity of air required for sup¬ 
plying such quantity of oxygen. Here, then, we are called on 
for strict chemical proofs — these several quantities de¬ 
pending on the faculty of each in combining with certain 
definite proportions of the other — the supporter; these 
respective proportions being termed equivalents,^ ^ or com¬ 
bining volumes. 

[NTow, the doctrine of ‘‘equivalents,” that all-convincing 
proof of the truths of chemistry, reduces to a mere matter 
of calculation that which would otherwise be a complicated 
tissue of uncertainties. 

Much of the apparent complexity which exists on this 
head arises from the disproportion between the relative 
volumes, or lullc, of the constituent atoms of the several 
gases, as compared with their respective loeiglits, Por 
instance, an atom of hydrogen is doiible the bulk of an atom 
of carhon vajpour; yet the latter is six times the weight of 
the former. 

Again, an atom of hydrogen is double the bulk of an atom 
of oxygen; yet the latter is eight times the weight of the 
former. 

So of the constituents of atmospheric air—nitrogen and 
oxygen. An atom of the former is double the bulk of 
an atom of the latter; yet, in weight, it is as fourteen to 
eight. 

I have stated that there are two descriptions of hydro- 
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carl)031 gases in the combustion of wMcli we are concerned ; 
both being generated in the furnace, and even at the 
same time, namely, the carburetted and M-carhiiretted 
hydrogen gases, the proportion of the latter in coal gas 
being estimated at about ten per cent. Tor the sake of 
simplifying the explanation, I will confine myself to the 
first. 

On analyzing this gas, we find it to consist of two volumes 
of hydrogen and one of carbon vapour; the gross bulk of 
these three being condensed into the bulk of a single atom of 
hjdrogen^ that is, into two-fifths of their previous bulk, as 
shown in the annexed figures. Let figure 1 represent an 
atom of coal gas—carburetted hydrogen—with its con- 
stituejits, carbon and hydrogen; the space enclosed by the 
lines representing the relative size or volume of each; 
and the numbers representing their respective weights — 
hydrogen being taken as unity both for volume and 
weight.^ 


Qarburetted Hydrogen, 
Fig. 1. 



* ‘‘Ce gciz (carburetted liydrogen) est compose de 75*17 parties (by 
weight) de carbone, et 24*33 d’hydrogene ; oii, d’un volimie de carbone 
gazeux et quatre volumes de gaz hydrogcne, condenses it la moitic dn 
volume de ce dernier, on, aux 2/5 du volume total du gaz, de manicre que 
de cinq volumes simples, ii n’en resulte pas plus de deux de la cora- 
binaison.”— Berzelms, vol. I., p. 330. 
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Bi-caf'hi^reUecl IBlydrogen. 



Eig. 2. 



Let us now, in the same analytical manner, examine an 
atom of atmospheric air, the other ingredient in combus¬ 
tion. 

Atmosjp'keric air is composed of two atoms of nitrogen 
and one atom of oxygen ; each of the former being double 
the volume of an atom of the latter, while their relative 
weights are as fourteen to eight: the gross volume of the 
nitrogen, in air, being thus four times that of the oxygen; 
and in weighty as twenty-eight to eight, as shown in the an¬ 
nexed figure 3. 

Atmospheric Air. 



In the coal gas we found the constituents condensed into 
two-fifths of their gross bulk : tliis is not the case with air ; 
an atom of which is the same, both as to bullc and ioeight, as 
the sum of its constituents, as liere shown. Thus, we find, 

E 3 
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the oxygen hears a proportion in volume to that of 
the nitrogen, as one to five; there being but 20 per 
cent- of oxygen in atmospheric air, and 80 per cent, of 
nitrogen. 

We now proceed to the ascertaining the separate quantity 
of oxygen required ly each of the constituents (of the gas), 
so as to effect its perfect combustion. 

With respect to this reciprocal saturation, the great 
natural law is, that bodies combine in certain fixed propor^ 
tions only, both in volume and weight.^ 

The important bearings of this elementary principle 
cannot be more strikingly illustrated than in the com¬ 
binations of which the elements of atmospheric air are 
susceptible. 

Eor instance, oxygen unites chemically with nitrogen in • 
five different proportions, forming five distinct bodies, each 
essentially different from the others, thus: 


Atoms. Weiglit. 

Atoms. 

AVeight. 

Gross Weight. 

1 

of Nitrogen 14 unites witli 1 of Oxygen 8 forming Nitrous Oxide 22 

1 

14 

2 

.. 16 ... 

Nitric Oxide 30 

1 

14 

3 

.. 24 ... 

HyponitrousAcid 38 

1 

14 

4 

.. 32 ... 

Nitrous Acid 46 

1 

14 

5 

.. 40 ... 

Nitric Acid 5 4 


* “L’experience a demontre qne, de meme que les elemens se com- 
Linent dans des proportions fixes et multiples, relativement k lenr i:)oids, 
ils se combinent anssi, d’une maniere analogue, relativement H leur 
volwme, lorsqu’ils sont d, I’etat de gaz : en sorte qu’un volume d’un 
element se combine, ou, avec un volume cgal au sien, ou avec 2, 3, 4 et 
plus de fois son volume d’un autre clement ^ I’etat de gaz. En comparant 
ensemble les pbenomenes connus des combinaisons de substances gazeuscs, 
nous decouvrons les mtmes lois des proportions fixes, que celles que vous 
venons de deduire de leurs proportions en poids: ce qui donne lieu a une 
maniere de se representer les corps, qui doivent se combiner, sous des 
vol'wmes relatifs a I’dtat de gaz. Les degres de combinaisons sont absolu- 
ment les ni^mes, et ce qui dans I’une est nomme atonie, est dans I’autrc 
appelc volumed^ — Berzelius, vol. IV., p. 549. 
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Or thus: 


Fig. 4. 




Nitrous Oxide. 


Nitric Oxide. 


Hyponitrous Acid 


Nitrons Acid. 



We here find the elements of the air we breathe, by a mere 
change in i\ie ^proportions in wdiich they are united, forming 
so many distinct substances, from the laughing gas, (nitrous 
oxide,) up to that most destructiye agent, nitric acid, com¬ 
monly called aqua-fortis. 

On the application of heat, or what may be termed the 
firing or lighting the gas, W’-hen duly mixed with air, the 
hydrogen separates itself from its fellow-constituent, the 
carlon, and forms an union with oxygen, the produce of 
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wMcli is water.- The saturating equivalent of an atom, or 
any other given quantity of hydrogen, is not double the 
volume, as in the case of the carbon, but 07 ie-lialf its volume 
only—the product being aqueous vapour, that is, steam; the 
relative weights of the combining volumes being 1 of 
hydrogen to 8 of oxygen; and the bulk, when combined, 
being two-thirds of the bulk of both taken together, as 
shown in the annexed figure. 



Again, the carbon, on meeting its equivalent of oxygen, 
unites with it, forming carbonic acid gas, composed of one 
atom of carbon, (by weight 6,) and two atoms of oxygen, (by 
weight 16,) the latter, in volume, being double that of the 
former, as in the annexed figure. 



No facts in chemistry, therefore, can be more decidedly 
proved, than that one atom of hydrogen and one atom of 
oxygen (the former being double the bulk of the latter') unite 
in the formation of water; and, further, that one atom of 
carbon vapour and two atoms of oxygen {the latter being 
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doiolle the lulJc of the former) unite in the formation of car¬ 
bonic acid gas. 

Having thus ascertained the quantity ©f oxygen required 
for tlie saturation and combustion of the two constituents 
of coal gas, the remaining point to be decided is, the 
quantity of air that will le required to m^fly this quantity of 
oxygen. 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygen bears, in volume, to that of 
the air. Tor, as the oxygen is but one-fifth of the bulk of 
the air, five volumes of the latter will necessarily be 
required to produce one of the former;, and, as we want 
two volumes of oxygen for each volume of the coal gas, it 
follows that, to oltain those two volumes^ we must provide ten 
volumes of air„ 

As the proportion of air required for the combustion 
of the li-carluretted hydrogen (olefiant gas) is necessarily 
larger than for the carburetted hydrogen, a diagram of 
each is annexed, showing the volume of air required for 
combustion. 

Carburetted Hydrogen, 

BISFORE COMBUSTIOil. ELEMENTARY MIXTURE. PRODUCTS OF COMBUSTION 
Weight. Atoms. Weight. Weight. 


S Cartiiretted 
Hydrogen. 


144 Atrnosplieric 
Air. 


{ 1 Carbon... 6 

1 Hydrogen 1 
1 Hydrogen 1 

'l Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
^8 Nitrogen 112 



- Nitrogen. 


152 


152 


152 
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JBi-€a/rburetted Sydrogen. 


BEEOIIE COMBUSTION. ELEMENTARY MIXTURE. PROEUOTS OE COMBUSTION. 
Weight. Atoms. Weight. Weight. 

/ 1 Carlon... 6* ^22 Garhonic Acid, 


14 Bi-carburetted 
. Hydrogen. 


216 Atmospheric 
Air. 


I 1 Carbon... 6 
I 1 Hydrogen 1 
I 1 Hydrogen 1 
1 Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
A 1 Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
Nitrogenl68 



22 Carbonic Acid. 
9 Steam. 

9 Steam. 


168 Uncombined 
-- Nitrogen. 


230 


230 


230 . 


CHAPTER IV. 

OE THE QUANTITY OF AIR BEQUIEEB POE THE COMBUSTION 
OP OARBONj AFTER THE OAS HAS BEEN GENERATED. 

Hating disposed of the question of quantity, as regards 
the supply of air required for the saturation and combustion 
of the gaseous portion of coal, we have now to answer a cor¬ 
responding question, with reference to the carbonaceous part 
resting in a solid form on the bars after the gaseous matter 
has been evolved. 

Carbon is stated, by chemists, to be susceptible of uniting 
with oxygen in three proportions, by which three distinct 
bodies are formed, possessing distinct chemical properties. 

This peculiarity of the unions of carbon with oxygen is 
wholly unattended to in practice: yet we shall see how 
essential it is in considering the quantity of air to be intro¬ 
duced to a furnace. 
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These three proportions, in which carbon unites with 
oxygen, form, first, carlonic acid; second, carbonic oxide; 
and, third, carbonoibc acid (or oxalic acid). With the first 
and second only we have to deal in the fwrnace —^the differ¬ 
ence between these two formations being peculiarly im¬ 
portant to our present subject. 

Were carbonic acid the only product of the combustion of 
the carbon of the coal in the furnace, no more would here 
have to be said; but there is the other state in which we 
find carbon uniting and passing away with oxygen, and 
which gives rise to considerations of the utmost importance 
in this branch of the inquiry. This other state is that of 
carbonic oxide^ the formation of which, in the furnace, is 
wholly unheeded in practice, although its influence on the 
quantity of heat obtained is very considerable, the very 
name of this gas not having hitherto been noticed by any 
writer in connection with combustion in the furnace. 

Carbonic acid^ we have seen, is a compound of one atom 
of carbon with two atoms of oxygen; while carbonic oxide 
is composed of the same quantity of carbon with but half 
the above quantity of oxygen, as in the annexed figures. 


Fig. 7. 



Here we see that carbonic oxide, though containing but 
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one-lialf the quantity of oxygen, is yet of the same bulk or 
volume as carbonic acid;^ a circumstance of considerable 
importance on the mere question of draiogJit, and supply of 
air, as ■will be hereafter shown* 

Kow, the combustion of this oMe, 'by its conversion into 
the acid^ is as distinct an operation as the combustion of the 
carburetted hydrogen, or any other combustible; yet all this, 
is wholly overlooked in 'practice in the operations carried on 
in the furnace. 

But the most important view of the question, and one 
which is little known to practitioners outside the laboratory, 
is as regards the for'matio'ti of this oxide; and this is the 
part of the inquiry which most requires our attention. 

The direct effect of the union of carbon and oxygen is the 
formation of carbonic acid. If, however, we abstract one of 
its portions of oxygen^ the remaining proportions would then 
be those of carbonic oxide. It is equally clear, however, 
that if we add a second portion of carbon to carbonic acid^ 
we shall arrive at the same result, namely, the having carbon 
and oxygen combined in equal proportions, as we see in 
carbonic oxide. 



By the addition, then, of a second proportion of carbon to 
the above, two volumes of carbonic oxide will be formed— 
thus: 


AND THE PREVENTION OE SMOKE, 
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Fig. 10. 



Now, if these two volumes of carbonic oxide cannot find 
the oxygen required to complete their saturating equivalents, 
they pass away necessarily but half consumed^ a circum¬ 
stance which is constantly taking place in all furnaces 
where the air has to pass through a body of incandescent 
carbonaceous matter. 

This frequently leads to a fatal error in what is called the 
“ combustion of smokefor if the carbonaceous constituent 
of coal, and, while yet at a high temperature, encounters 
carbonic acid, this latter, taking up an additional portion of 
carbon, is converted into carbonic occide^ and again becomes 
a gaseous and invisible combustible. 

The most prevailing operation of the furnace, however, 
and by which the largest quantity of carbon is lost in the 
shape of carbonic oxide^ is thus:—The air, on entering from 
the ashpit, gives out its oxygen to the glowing carbon on 
the bars, and generates much heat in the formation of car¬ 
bonic acid. This acid, necessarily at a very high tempe¬ 
rature, passing upwards through -.the body of incandescent 
solid matter, takes up an additional portion of the carbon, 
and becomes carb'onic oxide.^ 

* Carbonic oxide may tc obtained by transmitting carbonic acid over 
red hot fragments of charcoal contained in an iron or porcelain tube. It is 
easily kindled ; combines with half its volume of oxygen, forming carbonic 
acid, which retains tlie original volume of the carbonic oxide. The com- 
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Thus, by the conversion of one volume of acid into two 
volumes of oxide, heat is actually absorbed, while we also 
lose the portion of carbon taken up during such conversion, 
and. axe deceived by imagining we have 'burned the BmolceP 

The formation of this compound, carbonic oxide, being 
thus attended by circumstances of a curious and involved 
nature, is, probably, the cause of the prevailing ignorance of 
its properties. Eor, while we find, in every mouth, the 
term carbonic acid, as the product of combustion, we hear 
nothing of carbonic oxide, one of the most waste-inducing 
compounds of the furnace, unless provided with its equi¬ 
valent volume of air, by which its combustion will be 
effected.^* 

Another important peculiarity of this gas (carbonic oxide) 
is, that, by reason of its abeady possessing one-half its 
equivalent of oxygen, it inflames at a lower temperature 
than the ordinary coal-gas; the consequence of which is, 
that the latter, on, passing into the flues, is often cooled 
down below the temperature of ignition; while the former 
is sufficiently heated, even after having reached the top of 
the chimney, and is there ignited on meeting the air. This 


bastion is often ■witnessed in a coke or charcoal fire. The carbonic acid 
produced in the lower part of the fire is converted into carbonic oxide 
as it passes up through the red hot embers.”— Graham's Elements of 
Chemistry. 

Among the stove-doctors of the present day, none are more 
dangerous than those who, on the pretence of economy and convenience, 
recommend to keep a large body of coke burning slowly, with a slow 
circulation of air. An acquaintance with chemical science w'ould teach 
them, that, in the obscime combustion of coke or charcoal, much carbonic 
oxide is generated, and much fuel consumed, with the imoduction of little 
heat; and physical science would teach them, that, when the chimney 
di-aught is languid, the burned air is apt to regurgitate through every 
seam or crevice, with the imminent risk of causing asphyxia, or death, to 
the inmates of apartments so preposterously heated.”— Dr. Ure’s Fa^^cr on 
Ventilating and Heating A'lyartments, read before the Royal Society, IQth 
June, 1830. 
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is tlie cause of tlie red flame often seen at iiie tops of 
chimneys and the funnels of steam-vessels. 

We may thus set it down as a certainty, that, if the 
carbon, either of the gas or of the solid mass on the bars, 
passes away in union with oxygen in any other form or pro¬ 
portion than that of carloniG acid^ a commensurate loss of 
heating effect is the result. 

Hence we see how the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifies 
the observation of Chevreul, in his “ Lemons de Ohimie,” that 
‘‘ la connaissance de ses^rcyprietes est indisjpensahle^our bien 
connoUre le carbonP 

Of the application of carbonic oxide in the manufacture 
of iron, and the mode of effecting its combustion, notice will 
be taken in a subsequent chapter. 


CHAPTEE V. 

or THE QUALITY OE THE AIB AEMITTED TO A EITEHACE. 

Wheh we speak of mixing a given quantity of oxygen 
with a given quantity of coal gas, we do so because we know 
that the former is required to saturate the latter; so when 
we speak of mixing a given volume of atmospheric air with 
a given volume of coal gas, we do so knowing that such 
precise quantity of air will provide the required quantity of 
oxygen. 

If, however, by any circumstance, accidental or otherwise, 
the air we employ has either lost any portion of its oxygen, 
or is mixed with any other gas or matter, it no longer bears 
the character of pure atmospheric air, and cannot satisfy the 
condition as to guantity of oxygen which was essential to our 
purpose. 

“We require ten cubic feet of air to supply two cubic feet 
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oi oxygen to effect tlie combustion of one cubic foot of coal- 
gas ; but if tbis quantity of air does not contain this 20 per 
cent., it is manifest we cannot obtain it. The air, in this 
case, maybe said to be vitiated or deteriorated; and, in this 
sense, the quality of the air we employ is entitled to serious 
consideration. ■ 

' Let us now inquire how far the ordinary mode of con¬ 
structing and managing our furnaces enables us to satisfy 
this condition, namely, the providing unvitiated air both to 
the solid carbonaceous portion of the coal on the bars, and 
the gaseous portion in the furnace. 

Tredgold, and others after him, overlooking these dis¬ 
tinctive features in the processes which coal undergoes in its 
.progress towards combustion, give preposterous directions 
as to tlie introduction of air. He says, The opening to 
admit air (the ashpit) should be sufficiently large for pro¬ 
ducing the greatest quantity of steam that can be required, 
but not larger.” Here we find the quantity of steam^^ 
actually considered as dependent on the area of “ the 
opening to admit air^^ to the ashpit, than which nothing can 
be more incorrect.^^' If, then, Tredgold could so palpably 
overlook the chemical essentials in the combustion of the 
two separate constituents of coal, it cannot be a matter of 
surprise that those who have been taught to follow in his 
steps should have made so little advance in perfecting our 
system of furnaces. 

I have alluded to Tredgold’s directions with the view of 


•-k construction of fire-pkces for boilers,'’ lie observes, ^''we 

have to combine everything -wliicli is likely to add to tbe effect of fuel, and 
to avoid everything which tends to dimmish it, as far as possible. Now, 
without some knowledge of the nature of the operation of burning, it will 
scarcely be possible to do anything good except by mere accident. We 
should be like seamen in a vessel at sea without a compass, with as little 
chance of steering to the intended looi-t.” 

No man can question v/liether the absence of a compass would not be 
preferable to one v/hich should directly induce us to steer a wrong course. 
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pointing attention to tliat wliicli has hitherto been so 
neglected, namely, the two distinct operations of supplying 
air to the gas generated in the upper part of the furnace, 
and to the solid carbon resting on the bars ; and, also, to 
the injury caused by compelling the whole supply to pass 
through, the ashpit, and through such solid .carbon; by 
which not only a deficiency of oxygen is occasioned in the 
air intended for burning the gas, but an undue and 
injurious urging of the combustion of the carbonaceous 
matter.^ 

Tet this is our daily practice. "We bring air to the gases 
which has already been employed in a separate and even 
destructive process, and yet expect the result to be satis¬ 
factory and the combustion complete. And when we filnd, 
instead of producing carbonic acid and water, that we have 
produced a large volume of smoTce —of unconsumed combus¬ 
tible matter—we then set about inventing processes by 
which this smoJce is to be ‘‘ consumed and the evil we had 
ourselves produced, corrected. 

* ‘‘To succeed in consuming the combustible gases,” observes Tred- 
gold, “it is necessary that they mix with air that has become hot, by 
passing through^ ove 7 % or among the fuel which has ceased to snioTce ; the 
words of the patent of Mr. Watt, dated 1785.” 

Here there can be no mistake, yet nothing can be more unscientific or 
imsound in principle. The inevitable result of this operation would be : 
first,, the depriving the air, more or less, of its oxygen ; and, second, by 
urging this increased quantity of air to act like a blast on such red hot 
fuel, to consume it with unnecessary and injurious rapidity. 
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CHAPTEE VI. 

OP THE MIXIHO AHH IHCOEPORATIOH OP AIR AKB 
COAL G-AS. 

Hayiho disposed of the questions regarding the giiantity 
and quality of the air to be admitted, our next consideration 
is, the effecting such a mixture as is required for effective 
combustion. 

It seems taken for granted, in practice on the large scale? 
that, if air, bj any means^ be introduced to the fuel in the 
furnace,” it will, as a matter of course, mix with the gas, or 
other combustible, in a proper manner, and assume the state 
suitable for combustion, whatever be the nature or state of 
such fuel. Yet, as well might it be said, that bringing 
together given quantities of nitre, sulphur, and charcoal, in 
masses, was sufficient for the constitution of gunpowder. It 
is, however, the proper distribution, mixture, and incorjpo- 
ration of the respective elementary atoms of those masses 
which impart efficiency and simultaneousness of action, and, 
necessarily, their explosive character: and so, also, in the 
bringing bodies of gas and air into a state of preparation for 
efficient and simultaneous combustion. 

In operating in the laboratory, when we mix a measured 
jar of an inflammable gas with a due complement of oxygen 

* Doctor lire, in liis Chemical Dictionary^ puts tliis clearly and 
forcibly. Grunpowder is composed of given -weiglits of nitre, cbarcoal, and 
sulpliur, intimately hlencled together by long pounding in wooden 
mortars.” Again, “The variations of strength, indifferent samples, are 
generally occasioned by the more or less intimate dividon and mixture of 
the parts. The reason of this may be easily deduced from the consideration, 
that nitre does not detonate until in contact with inflammable matter: 
whence the whole detonation mil be more speedy the more nimerous the 
surfaces of contact,'' 
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gas, the operation being performed leisurely, due incor¬ 
poration follows, and no question as to the want of time 
arises. 

In this operation the quantities are small: both bodies are 
gaseous : there is no disturbing influence from the presence 
of other matter: the relative quantities of both are in 
saturating proportions; and above all, are unaffected by 
current or draught. 

But compare this deliberate laboratory operation with 
what takes place in the furnace. Birst, the quantities are 
large: secondly, the bodies to be consumed are partly 
gaseous, partly solid: thirdly, the gases evolved from the 
coal are part combustible and part incombustible : fourthly, 
they are forced into connection with a large and often over¬ 
whelming quantity of the products of combustion, chiefly 
carbonic acid; fifthly, the very air introduced is itself 
deteriorated in passing through the bars and incandescent 
fuel on them, and thus deprived of much, of its oxygen; 
sixthly, and above all, instead of being allowed a suitable 
time, the whole are hurried away by the current or draught 
in large masses. 

Dr. Eeid, in his ‘^Elements of Chemistry,*’ when de¬ 
scribing the detonating mixture, directs “ that the oxygen 
be well mingled with the hydrogen.” Here deliberate 
measures are taken for the diffusion of a mere phial full, yet 
we take no pains to have these same ingredients loell 
mingled^^ in the furnace ! 

In the “ Experimental Eesearches on the Diffusion of 
Gases,” by Mr. Graham, we have abundant proof of the 
absolute necessity for giving time. In one case, he ob¬ 
serves, “ the receiver was filled with 75 volumes of hydrogen, 
and 75 of olefiant gas, agitated and allowed to stand 
over water for twenty four Tioiors, that the mixture might 
he as perfect as possible, In general, he allowed four 
hours to elapse before he considered the gases adequately 
mixed. 
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Professor Paniell finds, tlaat even in laboratory experi¬ 
ments, it is essential to give an excess of oxygen to secure 
an adequate portion reaching each, atom of the gas to be 
consumed, no more, iovrever, being consumed than its due 
equivalent of oxygen.'-' 

But the observations of Professor Paraday should satisfy 
us at once on the question of time^ and justifies the attri¬ 
buting so much importance to tbis hitherto neglected 
feature in the process of combustion, on the large scale. In 
his “ Chemical Manipulations,” p. 360, he says, It will be 
proper to observe, that, although dn mailing mixtures of 
gases, they will become xmifoim without agitation, if suffi¬ 
cient time he alloioei, the period xeq_uired will he very long^ 
extending even to hours, in narrow wessels. If hydrogen be 
thrown up into a wide jar full of oxygen, so as to fill it, and 
no further agitation given, the mixture, after the lajyse of 
several minutes, will still be of diffe-rent composition above 
and below.” Here are sem'al 97iintites proved to be neces¬ 
sary in effecting adequate mixtare in a jar full of the gases, 
whereas we cannot afford ^mixsezerccl seconds for the mixing 
of a furnace full. 

• ISTow this brings us to the conclusion, that, as we cannot 
force the gas and air to mingle with sufficient rapidity, 
under the ordinary circumstances of the furnace, our views 
should be directed to tbie efecting such modifications of 
that furnace as will aid nature in those arrangements which 
are essential to combustion, rather than in obstructing 
them. 

Having consulted Professor Dauiell on this subject, his 
opinion, here given, is of importance. 

''‘In tlie process winch has heeii deseiiLed for collectiug the products 
of the detonation of hydrogen and oxygen, it is necessary that they he 
mixed very accurately, in. the 2 noportion of two of hydrogen to one of 
oxygen. In these proportions they enter into combination, and in none 
other ; and if either were in excess, the snrplus would be left after 
detonation.”— JDaivielVs Introchiction to Chemical Fhilosojphj. 
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OPINIOIS'. 

King’s College, Sth August, 1840. 

There can be no doubt, that the affinity of hydrogen for 
oxygen under most circumstances is stronger than that of 
carbon. If a mixture of two parts of hydrogen and one of 
carbonic acid be passed through a red-hot tube, water is 
formed, a portion of charcoal is thrown down, and carbonic 
oxide passes over with the excess of hydrogen. 

“ With regard to the different forms of hydro-carbon, it 
is well known, that the whole of the carbon is never eom- 
bined with oxygen in the processes of detonation or silent 
combustion, unless a large excess of oxygen he present. 

“Por the complete combustion of olefiant gas, it is necessary 
to mix the gas with five times its volume of oxygen, though 
three only are consumed. If less be used, part of the carbon 
escapes comhination, and is deposited as a black powder. 
Even subcarburetted hydrogen it is necessary to mix with 
more than twice its bulk of oxygen, or the same precipi¬ 
tation will occur. 

“ It is clear, therefore, that the whole of the hydrogen of 
any of these compounds of carbon may be combined with 
oxygen, while a part of their carbon may escape combus¬ 
tion, and that even when enough of oxygen is present for its 
saturation. 

That which takes place when the mixture is designedly 
made in the most perfect manner must, undoubtedly, arise 
in the common processes of combustion, where the mixture 
is fortuitous and much less intimate. Any method of 
ensuring the complete combustion of fuel, consisting partly 
of the volatile hydro-carbons, must he founded upon the prin¬ 
ciple of prodibcing an intimate mixture with them of atmos¬ 
pheric air, in excess, in that part of the furnace to which 
they naturally rise. In the common construction of fur¬ 
naces this is scarcely possible, as the oxygen of the air, which 
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passes throiogli the fire lars, is mostly expended upon the 
solid part of the ignited fuel with which it first comes in 
contact, 

DAISTIELL. 

‘^To C. W. Williams, Esq., &c. &c.” 


CHAPTER VII. 

OE THE COHDITIOKS OH WHICH THE IHCOEPORATIOH OE 
THE HAS AHD AIR ARE EEEECTEE PREPARATORY TO 
COMBirSTIOH. 

Proeessor Pahiell, in the opinion just quoted, states 
the true principle on which any improvement in our 
furnaces for ensuring the complete combustion of bitu¬ 
minous coal must be founded, namely, the producing an 
intimate previous mixture between the gaseous portion and 
atmospheric air. 

On this head we find many convincing illustrations of 
what nature requires, and what a judicious mode of bringing 
air to the gas can effect, in the common candle, and in the 
Argand lamp, that I propose examining these two exempli¬ 
fications of gaseous combinations and combustion, in the 
manner adopted by the best British and continental 
chemists, 

Mr. Braude observes, “ In a common candle, the tallow 
is drawn into the wick by capillary attraction, and there 
converted into vapour, which ascends in the form of a 
conical column, and has its temperature sufdciently elevated 
to cause it to combine with the oxygen of the surrounding 
atmosphere, with a temperature equivalent to a white heat. 
But this combustion is superficial onlg, the flame being a 
thin film of white hot vapour, enclosing an interior portion, 
ivhich cannot turn for want of oxygen., It is in consequence 
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of tMs structure of the flame that we so materially increase 
its lieat^ by propelling a current of air through it by the 

Dr. Eeid observes, “ The flame of a candle is produced 
by the gas formed around the wick acting upon the oxygen 
of the air : the flame is solely at the exterior portion of the 
ascending gas. All without is merely heated air, or the 
products of combustion; all within is unconsumed gas, rising 
in its turn to affect (mingle with) the oxygen of the air. 

“If a glass tube be introduced within 
the flame of a lamp or candle (as represented 
in Dig. 11), part of the unconsumed gas 
passes through it, and may be kindled as it 
escapes.” 

Derthier, vol. i., p. 177, observes, “The 
flame presents four distinct parts: namely, 
first, the lase, of a sombre blue: this is 
the gas which burns with difficulty, because 
it has not yet acquired a sufficiently high 
temperature; secondly, an interior darh 
cone: this is combustible gas highly heated, 
hut which does not hum, because it is not mixed with air ; 
thirdly, tlic hrilliant conical envelope: in this part, com¬ 
bustion takes place with a deposit of carbon; fourthly, 
a conical envelope, which gives but little light (‘ tres peu 
Itmiineuse"'), surrounding the whole flame, extremely thin 
or attenuated Q extremement onince^). Combustion is com¬ 
plete in this ])art, and it is at its contact with the luminous 
envelo])o that the temperature is the highest.” 

Berzelius, vol. viii., p. 151, observes of the flame of a 
candle At its base we perceive a small part of a deep blue 
colour. In the middle is a darlc part which contains the 
gas evolved from the wick, but which, not being yet in contact 
with the air, cannot hum: outside of this is the brilliant 
part of the flame. Wo also perceive on the confines of this 
latter a thin faintly luminous envelope, which becomes 

c 2 


Fig. 11. 
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larger towards the summit of the flame* It is there that 
the flame is hottest. Dr. Thomson, in his work on “ Heat 
and Electricity,’’ and Dumas, in his Traite de Chimie ap- 
pliquee aux Arts,” give similar illustrations of the combus¬ 
tion of the gas in the flame of a candle. Dr. Hre observes, 
‘‘ ^Nothing places in a clearer light the heedlessness of man¬ 
kind to the most instructive lessons than their neglecting 
to perceive the difficulty of duly intermingling air with 
inflammable vapours, for the purpose of their combustion, 
as exhibited in the everyday occurrence of the flame of a 
tallow candle, or common oil lamp; for, though this flame 
be in contact, externally, with a current of air created by 
itself, yet a large portion of the tallow and oil passes off 
nnconsumed, with a great loss of the light and heat which 
they are capable of producing.” 

It is here to be remarked, that notwithstanding the 
attention given to the subject by these chemical authorities, 
they have, nevertheless, omitted noticing the presence of 
the water produced by the combustion of the gas, and which 
will, hereafter, be shown to be one of the most important 
products escaping from the furnace. This will be treated 
in a separate chapter. 

All these authorities agree in the main facts : first, that 
the dark part in the centre of the flame is a body of uncon¬ 
sumed gas ready for comhustion, and only waiting the 
^preparatory step—the miccing —the getting into contact with 
the oxygen of the air: secondly, that that portion of the gas 
in which the due mixing has been effected, forms but a thin 
film on the outside of such unconsumed gas : thirdly, that the 
products of combustion form the transparent envelope, 
which may be perceived on close inspection : fourthly, that 
the collection of gas in the interior of the flame cannot burn 
there for want of oxygen. 

IN^ow these points involve the w^hole of the case of the 
furnacethey reveal the difference between perfect and 
imperfect combustion. The bodies of gas and air have, it is 
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i,i£Vdd,free access to eacli other: yet, time is wanting for theii 
due mixture. Thus, diffusion and combustion only pro¬ 
ceed, jpari passu, as the constituent atoms of the gas, taking 
their turn^^ are enabled to get into contact with their 
respective equivalent atoms of atmospheric oxygen, 

I have not hitherto quoted Sir Humphry Davy on this 
head, for his whole “ E-esearches on Marne ” go in corro¬ 
boration of the facts here stated, and the inferences drawn 
by so many competent authorities.^ 

If, then, the unrestricted access of air to this small flame 
is not able, by the laws of diffusion, to form a due mixture 
in time for ignition, a fortiori, it cannot do so when the 
supply of air is restricted and that of the gas increased. 

Dr. Eeid, speaking of the Argand lamp, Dig. 12, observes, 
that the intensity of the heat is augmented by causing the 
air to enter in the middle of a circular wick, or series of 


Fig. 14. 



Fig. 12. 



* '‘Inlooking steadfastly at flame,” lie observes, “the part where the 
combustible is volatilised is seen, and it appears dai'ker, contrasted with 
the part in which it begins to burn, that is, where it is so mixed with air 
as to become explosive.” 
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gas-jetsj so tliat more gas is consumed 'within a given s^ace 
than in the ordinary manner. 

But why is more gas consumed within this given space ? 
Solely because more capability for mixture is afforded, and 
a greater number of accessible points of contact obtained, 
arising out of this series of jets. This may be seen in Tig. 
13, where the inner surfaces, a a, are shown in addition to 
the outer ones h h. 

“ If the aperture,” he observes, by which air is admitted 
into the interior of the flame be closed, the flame immediately 
assumes the form shown in Tig. 14; part of the supply of 
air being thus cut off, it extends farther into the air before 
it meets with the oxygen necessary for its combustion.” 

Here we trace the length of the flame to the diminished 
rate of mixing and combustion, occasioned by the want of 
adeg[uate access, within any given time, between the gas and 
the air, imitil too late —until the ascending current has 
carried them beyond the temperature req^uired for chemical 
action ; the carbonaceous constituent then losing its gaseous 
character, assuming its former colour and state of a black 
pulverulent body, and becoming true smoke. 

In looking for a remedy for the evils arising out of the 
hurried state of things which the interior of a furnace 
naturally presents, and observing the means by which the 
gas is effectually consumed in the Argand lamp, it seemed 
manifest, that, if the gas in the furnace could be presented, 
by means jets^ to an adequate quantity of air, as it is in 
the lamp, the result would be the same. The difficulty of 
effecting a similar distribution of the gas in the furnace, by 
means of jets, however, seemed insurmountable: one alter¬ 
native alone remained, namely, that, since the gas could not 
be introduced by jets into the body of air, the air might he 
introdaced hy jets into the hody of gas. 

This, then, is the means which I adopt, and by which I 
effect a complete combustion of the gases in the furnace, as 
we do in the lamp. Professor Brande has so clearly de- 
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scribed tbe operation of the jet that I avail myself of his 
remarks in. elucidation of the result produced by a jet of air 
into a body of gas, and the analogy it bears to that of a jet 
of gas into a body of air.* 

This process meets the entire difficulties of the case as to 
time, current, temperature, and quantity. By this means 
the process of diffusion is hastened without the injurious 
effect of cooling: and which always takes place when the air 
is introduced by large orifices. 

The difference, then, between the application of air by 
means of the jet, and that of the ordinary action of the 
atmosphere, consists in the increased surface it presents for 
mutual contact in any given unit of time. Let Pig. 15 
represent the section of a candle and Pig. 16 that of a 
diffiision jet. In the former, the gas in the centre meets 
the air on the exterior. In the latter, the air in the centre. 


* ‘^Each jet of air which you admit becomes, as it were, the source or 
centre of a separate flame, and the effect is exactly that of so many jets of 
inflammable or coal-gas ignited in the air ; only, in your furnace, you 
invert this ordinary state of tilings, and use a jet of air thrown into an 
atmosphere of inflammable gas, thus making an experiment upon a large 
and practical, which I have often made on a small and theoretical scale, in 
illustration of the inaccuracy of the common terms of ^ combustible ’ and 
^su;ppOTier of combustion,'^ as oi'dinarily applied. 

I fill a bladder with coal-gas, and attach to it a jet, liy which I hum 
a flame of that gas in an atmosphere of, or a bell-glass filled with, oxygen; 
of course tlie gas burns brilliantly, and we call the gas the combustible, and 
the oxygen the supporter of combustion. If I now invert this common 
order of things, and fill the bladder with oxygen and the bell-glass 
with coal-gas, I find, that the jet of oxygen may be inflamed in the 
atmosphere of coal-gas with exactly the same general phenomena as when 
the jet of coal-gas is inflamed in the atmosphere of oxygen. This is pre¬ 
cisely your process. You admit a number of jets of air into a heated, 
inflammable atmosi)here, and so attain its combustion in such a way as to 
produce a great increase of heat, and, as a necessary consequence, destroy 
the smoke. Yon, in fact, convert what is commonly called smoke into 
fuel, at the time islien and jilacc where this combustion can be most 
effectively brought about.”— Professor Brandis Letter to the Author. 
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issuing into tlie atmospliere of gas, enlarges its own area 
for contact mecbanicallj, and consequently, its increased 
measure of combustion. 



Tbus we see, that the value of the jet arises from the 
circumstance of its creating, for itself, a larger surface for 
contact, by which a greater number of elementary atoms of 
the combustible and the supporter gain access to each other 
in any given time. 

Turn the matter, then, as we may, the question of perfect 
or imperfect combustion, as far as human means are to be 
applied, is one regarding the air, rather than the comlustible 
—the mode in which it may be introduced, rather than the 
quantities supplied—the contact of atoms rather than of 
masses. 
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Before concluding tliis notice on the mode of effecting the 
combustion of the inflammable gases, it will be right to say 
a few words on some of those recommended by others; 
namely, such as are founded on the erroneous idea, which 
appears to have laid hold of the minds of so many inventors 
of late years, that the gases are comumdble by being brought 
into contact with a body of glowing incandescent fuelP 
This will be inquired into more in detail when we come to 
examine the various plans of “smoke-burning’* furnaces 
and boilers. 

This erroneous notion of the supposed combustion of the 
gases (or smoke), by bringing them into contact with a 
mass of “glowing coals,” appears to have originated with 
Watt; and, having been adopted by Tredgold and others, 
has since passed into a recognised principle. It appears 
strange, that, while so many have taken this as their text, 
or adopted it as their starting-point, none of these inventors 
have examined, or even doubted, its correctness. Yet any 
chemical work of authority would have informed them of 
the well-established fact, that decomposition, not combustion^ 
is the result of a high temperature applied to the hydro¬ 
carbon gases—that no possible degree of heat can consume 
carbon—and that its combustion is merely produced by, and 
is, in fact, its imion with, oxygen, which latter, however, 
they take little care to provide. 

It is the palpable oversight of this distinction that has led 
to that manifest chemical blunder—the supposing that the 
coal-gas in a furnace is to be hurned by the act of bringing 
it into contact with bodies at a high temperature; or, in the 
words of the patentees, by “ causing it to pass through, over, 
or among a body of hot, glowing coals.” Indeed, these 
words of Watt, “through, over, or among,” have led more 
men astray, and have occasioned more waste of money, loss 
of time, and misapplication of talent than almost any other 
false light of the day. 

But, I have said, this erroneous view of the combustion 

c 3 
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of the gases began with Watt. His patent of 1785 fully 
justifies this assertion.^ In his specification, after reiterating 
the injunction, that “ the smoke or flame is to pass over or 
through the coked or charred part of the fuel,” he sums up 
in these words: Lastly, my invention consists in the 
method of consuming the sonolce and increasing the heat hg 
causing the smolce and flame of fresh fuel to pass through 
nery hot funnels or pipes, or among, through, or near fuel 
which is intensely hot, and which has ceased to smohe : ” and 
then follows that part of his instructions which his successors 
have so strangely neglected, and by onixing it with fresh 
air, when in these circumstances.” 

It is clear, Watt had a right conception of the necessity 
for mixing air with the gas. His error lay in the extent to 
which he considered the application of heat essential to its 
combustion. His followers and commentators have neglected 
that part of his instructions in which he was right—the 
“mixing with fresh air;” and have fixed their minds on that 
in which he was wrong—^the bringing the gas or smoke 

* Watt’s patent, of 1785 (see Repertory of Arts, vol. iv., p. 226), con¬ 
sists '‘in causing tlie smoke or flame of the fresh fuel to pass, together with 
a current of fresh air, through, over, or among fuel which has ceased to 
smoke, or which is converted into coke, charcoal, or cinders, and which is 
intensely hot, hy which the smoke or grosser parts of the flame, hy coming 
close into contact vdth, or by being brought near unto, the said intensely 
hot fuel, and by being mixed with the current of fresh or unburnt air, are 
consumed or converted into heat, or into pure flame, free from smoke. I 
put this in practice by constructing the fire-place in such a manner that the 
flame and the air which animates the fire must pass downwards, or 
laterally, or hoi-izontally throufjh the huvning fuel. In some cases, after 
the flame has passed through the burning fuel, I cause it to pass through 
a very hot fimuel, flue, or oven, before it comes to the bottom of the boiler, 
by which means the smoke is still more effectually consumed Neglecting 
the sound, and adopting the unsound part of Watt’s specification, several 
patents have, of late years, been taken out in tlie very words of the above. 
In one of these, by means of double furnaces, one above the other, the gas 
generated in the upper one is actually forced or drawn down by artificial 
currents through the ignited fuel in the lower one. 
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‘ through^ over, or among intensely liot fuel.” So mucli, 
ndeed, was "Watt impressed witli the importance of intense 
leat, that he actually provides both for the fresh air"^^ and 
^7ie gas passing through the hot fuel on the bars; overlooking 
bhe facts, that, in that event, the air would no longer remain 
ottiTe; and that no heat to which he could introduce the air 
or smoke could equal that created in the furnace by the 
very act of union between the air and the gas ; but which 
he erroneously imagines can be aided by the heat of the 
charred part of the fuel.” 

Thus, we see the very words of Watt, where he was in 
error, have been adopted to express the main, and, in many 
instances, the only feature of these smoke-burning patents; 
while the judicious part of his instructions has been unac¬ 
countably omitted. 

I need only say, chemistry has since taught that the 
whole process is injurious; and that, if the introduction of 
the air be properly managed, the necessary heat for effecting 
combustion will never be wanting in the furnace. 

The mere enunciation, then, of a plan for consiming 
smoke^^ is primd facie evidence that the inventor has not 
sufficiently considered the subject in its chemical relations. 
Chemists can understand a plan for i\\e prevention of smoke, 
but as to its combustion, it is so unscientific, not to say 
impossible, that such phraseology should he avoided. The 
popular and conventional phrase, “a furnace burning its 
own smoke,” may be allowed as conveying an intelligible 
meaning; but, in a scientific work, or from one professing 
to teach those who cannot distinguish for themselves, and 
who may thus be led into error, it is wholly objectionable. 
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SECOND PART. 

- 4 - 

CHAPTER I. 

OE THE PRINCIPLES ON -WHICH BOILERS AND THEIR 
EURNACES HAYE HITHERTO BEEN CONSTRUCTED. 

Haying-, in the preceding part of this Treatise, examined 
the subject in reference to its chemical relations, we have 
now, in this second part, to consider its application prac¬ 
tically, in the construction of steam-boilers and their 
furnaces. 

It will not be disputed, that before we are in a position 
to decide on the necessary proportions of any vessel, we 
should first unde.rstand the purposes to which it is destined. 
Hitherto, although the combustion of bituminous coal is 
admitted to he of the most complex character, nevertheless, 
in apportioning the several parts of furnaces in which those 
operations are to he conducted, the slide-rule has too often 
been allowed to supersede the rule of chemical equivalents. 

Until 1841, there was no published work in which the 
combustion of coal, on the scale of the furnace, was treated 
with reference to its division into the gaseous and solid 
states, and the requirements peculiar to each. The only 
consideration appeared to he, the giving the coal a free 
supply of atmospheric air^'^ Watt, and others since his 
time, have acknowledged the practical difficulty of so intro¬ 
ducing the air as to effect perfect combustion; still, no 
consideration has been given to the necessity of providing 
separate supplies to the constituents of the coal, in their 
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separate states. In laboratory practice (by wHcb we must 
submit to be instructed) nothing would be considered more 
anomalous, or even absurd, than dealing with any bodies in 
nature without giving attention to the nature of their 
constituent parts respectively; nevertheless, we affect to 
economise fuel, and produce its perfect combustion, yet give 
attention, exclusively, to the several parts of the boiler in 
their mere mechanical ^proportions. Mechanical details, how¬ 
ever, must yield to those of chemistry. 

While the enlightened mind of Watt was directed to the 
employment of Steam as a mechanical agent, in the develop¬ 
ment of power, we see him also studying the phenomena of 
nature in the generation and application of heat, concur¬ 
rently with those mechanical arrangements, by which it was 
to be made practically available. Instead of limiting bis 
views to mere proportions, he regarded them only as they 
were—subservient to scientific considerations. He went 
elaborately into all that belonged to the character and 
constituents of solid, fluid, and gaseous matter, as far as the 
very limited chemical knowledge of the time admitted; and 
it was in the course of these scientific researches that he 
became the true discoverer of the constituents of water. 
He examined the laws which governed its temperature and 
volume; its expansive force as steam; and the measure of 
that heat which was again to be surrendered under the 
process of condensation. In everything we find his compre¬ 
hensive mind keeping scientific inquiries, and mechanical 
appliances in view. Here, then, we have a sound and 
practical course suggested, and under which alone we may 
hope to bring our labours to a successful issue. 

The inquiry before us cannot be confined to a mere com¬ 
parison of the several descriptions of boilers, mechanically 
considered. The merits on which, respectively, they rest 
their claims, must be examined with reference to other 
(lata, viz., their relation to the perfect combustion of the 
fuel employed—the generating the largest measure of heat 
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—and so applying it as to produce tlie largest volume of 
steam. Apart from tliese considerations^ indeed, there is 
little scope for inq^uiry. All boilers have their furnaces 
and grate-bars, on -which the fuel is placed; their flues, or 
tubes through which the flame or gaseous products have to 
pass; and the chimney by which those products are to be 
carried away, and the necessary draught obtained. 

Hitherto, those who have made boiler^making a separate 
branch of manufacture, have given too much attention to 
mere relative ^proportions. One class place ‘ reliance on 
enlarged grate surface; another, on large absorbing sur¬ 
faces; while a third demand, as the grand panacea, “ loiler 
room enough without, however, explaining what that 
means. Among modern treatises on Boilers, this principle 
of room enough seems to have absorbed all other con¬ 
siderations, and the requisites, in general terms, are thus 
summed up: 

1st. Sufficient amount of internal heating surface; 

2nd. Sufficiently roomy furnace; 

3rd, Sufficient air-space between the bars; 

4th. Sufficient area in the tubes or flues ; and 

5th, Sufficiently large fire-bar surface. 

In simpler terms, these amount to the truism—give 
sufficient size to all the parts, and thus avoid being deficient 
in any. 

So gravely is this question of relative proportions insisted 
on, that we find many treatises on the use of Coal, and the 
construction of Boilers, laying down rules with mathe¬ 
matical precision, giving precise formulae for their calcu¬ 
lations ; and even affecting to determine the working power 
of a steam-engine, by a mere reference to the size of the 
fire-grate, and the internal areas and s-urfaces of the boiler. 
Yet, during this apparent search after certainty, omitting 
all inquiry respecting the processes or operations to be 
carried on within them. 

Among those in which the subject has been treated in 
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the most detailed manner, it will be sufficient to refer to 
the work of Dr. Lardner, whose illustrations as a popular 
writer have peculiar merit, and whose statements may be 
considered as a summary of the practice which generally 
prevails. In his work on “ The Steam-Engine,” while 
commenting on ^Hlie loant of general he falls, 

unconsciously, into neglect of the very principles on which 
alone the inquiry should be based. Calling them princiglesy 
he lays down a series of rules, or data, which refer, exclu¬ 
sively, to mechanical proportions; but which furnish no 
guide to the involved operations to be effected by their 
means. His rules for the construction of Boilers are thus 
dogmatically laid down. 

emry cuMc foot of loater to be evaporated per horn, 
allow—one square-foot of grate-bar; one square-yard of 
heating surface; ten cubic feet of water-space; five square- 
feet of water-surface; ten cubic feet of steam-space. 

Here we have all the proportions laid down and squared, 
according to rule, as if it were the proportions of a building 
that were under consideration, rather than of vessels, in 
which complicated chemical processes were to be conducted. 
These rules, however, will not teach us how best to effect 
tlio combustion of any given weight of fuel, or increase 
the generation, transmission, or absorption, of any given 
quantity of lieat. We have here laid down a scale of 
internal proportions, but no clue to that of the heat 
generative clfect of a square-foot of grate-bar, or the heat 
transmitting power of a square-yard on internal surface. 

It may, indeed, be asked, what relation a square-foot of 
grate-bar can liave to a cubic-foot of water; or to any given 
weight of fuel? We know that under different circum¬ 
stances, treble, or quadruple the amount of these propor¬ 
tions may be beneficially, or injuriously, found in practice ; 
and that even double the weight of fuel may be more 
advantageously consumed, on a given area of grate-bars, in 
one class of boilers than could be effected in another. 
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In truth, the weight of fuel to be consumed has no 
legitimate relation to the space on which ifc may be laid, and 
depends on other considerations, viz., bn the quantity of air 
passing through it, the time employed, and the weight of 
oxygen taken up by the several constituents of the fuel 
respectively. 

Again, it may be asked, what relation a square-yard of 
heating surface has to the transmission of any given 
quantity of heat, or the generation of any given quantity of 
steam ? 

It is strange that so astute an observer (for Dr. Lardner 
does not affect to be an authority), should have omitted all 
reference to those processes and tests, by which alone a 
correct estimate could be made of the effective value, 
chemically or commercially, of any one of the proportions 
he has given; or the relation they bear to the functions of 
the furnaces or flues of a boiler. He has given no clue to 
the temperature produced in any part; yet temperature is 
the very element and measure of efficiency. His calcula¬ 
tions, in fact, have no value except on the assumed, but 
utterly erroneous data, that each square-foot of bar-surface 
was equivalent to the perfect combustion of a given weight 
of fuel, and the generation of a given quantity of heat in a 
given time; and that every square-yard of internal surface 
must, necessarily, be brought into action, and received as 
equivalent to the transmission of a given quantity of heat. 
He has also omitted reference to the influence which internal 
areas have on the circulation of the water, and the relative 
volumes of air to be supplied, or of gas generated, con¬ 
sumed, or wasted. Now, the magnitudes and quantities 
which here really require to be calculated are chemical^ not 
mathematical. They are not those of flue-surfaces, or grate- 
bars, but of the bodies to be introduced to them, the 
quantities in which they respectively combine, and the 
heat evolved, applied, or lost. If these quantities can be 
expressed in the terms of an equation, let it be given. It 
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cannot fail of being useful, at least in one respect. It will 
enable the boiler-maker to appreciate the small degree of 
confidence to which these theories are entitled. 

In a modern treatise on the construction and proportions 
of steam-boilers, we find the slide-rule endowed with extra¬ 
ordinary properties. In illustration of the utter inapplica¬ 
bility of such a mode of proceeding, let us but imagine 
Professors Braude or Paraday desirous of producing, on a 
large scale, carbonic acid and water. What would be their 
if advised that a practical boiler-maker was the 
person best qualified to instruct them as to the relative 
areas and proportions of the vessels to be employed, and 
that the slide-rule would save them much trouble, inasmuch 
as it would supply the true principle which should govern 
those proportions? Yet these processes are identically 
those which are carried on by the combustion of coal in our 
furnaces. When, therefore, we see the attention of the 
practical boiler-maker thus directed to mere mechanical 
data, can we be surprised that the chemistry of combustion 
has been virtually ignored, and made to give way to calcu¬ 
lations drawn from the slide-rule? 

Setting aside these puerilities, the inquiry must be 
directed not to the several parts of a Boiler, but to the 
puTyoses and functions for which each part is to be con¬ 
structed. Investigations conducted in this spirit, and with 
the aid which the eye, the pyrometer, and the thermometer 
supply, would soon indicate, not only what should be done, 
but what should be avoided ; and show that what was well 
adapted to one class of boilers or furnaces, or one descrip¬ 
tion of fuel, might chemically, practically, and economically, 
be the reverse as regarded other classes. 
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CHAPTEE II. 

OE THE ETTEHACB, AND THE DELATION WHICH ITS SEYEEAL 
PAETS BEAD TO THE OPBEATIONS CAEEIED ON WITHIN IT. 

■ In ednsidering tlie furnace and its appendages, it will be 
necessary to distinguish tbe functions of each part separately, 
to iiToid attaching duties, or attributing failure, to any one 
of them, for which another should be accountable. 

In the combustion of bituminous coal we have seen there 
are two distinct bodies to be dealt with, the one a solid^ the 
other a gaseous body, these necessarily requiring distinct 
processes. 

On a charge of coal being thrown into a furnace, the heat 
by which the distillatory, or gas-generating process is 
effected, is derived from the remaining portion of the ^remous 
charge, then in an incandescent state on the bars. This 
process corresponds with what takes place in the gas works, 
where the coal inside the retorts is acted on by the incan¬ 
descent fuel outside of them. This demand for heat in the 
furnace is, however, confined to the commencement of the 
operation with each charge. The heat required for continued 
goisifaction is, or ought to he, obtained chiefly from the flame 
itself; as in the case of a candle, where the gasifaction of 
the tallow in the wick is derived from the heat of its own 
flame. This operation shows the importance of sustaining 
a sufficient body of incandescent fuel on the bars ; and in 
particular, when a fresh charge is about to be thrown in. 
Allowing the fire to run too low, before a fresh charge, must 
be attended with the same injurious effects as allowing the 
heat which surrounds the retorts to fall below what would 
be required for the continuous and uninterrupted generation 
of gas after they are recharged;—namely, loss of time and 
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duty ; tlie object being, in both cases, to obtain tbe greatest 
quantity of gas from a given weight of coal, in a given time. 

“With reference to tbe proportions of tbe several parts of 
a furnace, we have two points requiring attention ; first, the 
superficial area of the grate^ for tbe retaining tbe solid fuel or 
coke; and, second, the sectional area of the chamber above 
the fuel, for receiving tbe gaseous portion of tbe coal. 

As to tbe area of the grate-bars, seeing that it is a solid 
body that is to be laid on them, requiring no more space 
than it actually covers at a given depth, it is alone important 
that it be not too large. On the other band, as to tbe area 
of the chamber above tbe coal, seeing that it is to be occu¬ 
pied by a gaseous body, requiring room for its rapidly 
enlarging volume, it is important that it be not too small. 
With reference to tbe areas of tbe other parts of tbe boiler, 
it is manifestly impossible, d yriori, or with any pretensions 
to correctness, to lay down specific rules, since tbe weight of 
fuel that may be placed, or consumed, on any square foot of 
such surface, must depend on numerous other contingencies. 
Indeed, to lay down any inflexible rule of proportions would 
be as inappropriate as to impose on tbe chemist certain 
mathematical formulas for tbe shapes or capacities of tbe 
vessels employed in tbe laboratory. So soon as all that 
belongs to the introduction of air to the two distinct bodies to 
be consumed (tbe gas and tbe coke,) shall have become 
systematised in practice, tbe supposed difficulties in tbe 
apportioning of sizes and areas will vanish, and tbe effecting 
perfect combustion in tbe furnace will become as much a 
matter of course as it now is in our gas burners. So long, 
however, as beginning at tbe wrong end of tbe question, we 
attempt determining tbe proportions of tbe several parts of 
tbe vessels to be employed, before we have considered what 
is to be done within them, we must continue in our present 
state of uncertainty. ‘ 

As to tbe best proportion for tbe grate, this wifi, be tbe 
easiest of adjustment, as a little observation will soon enable 
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the engineer to determine the extent to which he maj 
increase, or diminish, the length of the fimiace. In this 
respect, the great desideratum consists in confining that 
length within such limits that it shall, at all times, he well 
and uniformly covered. This is the absolute condition, and 
sine qua non of economy and efficiency; yet it is the very 
condition which, in practice,!^ the most neglected. Indeed, 
the failure and uncertainty which has attended many 
anxiously conducted experiments has most frequently arisen 
from the neglect of this one condition. 

If the grate-bars be not equally and well covered, the air 
win enter in irregular and rapid streams or masses, through 
the uncovered parts, and at the very time when it should be 
there most restricted. Such a state of things at once bids 
defiance to all regulation or control. JToio, on the control 
of the stcyffiy of air depends all that human slcill can do in 
effecting perfect combustion and economy; and, until the 
supply of fuel and the quantity on the bars be regulated, it 
will be impossible to control the admission of the air.* 

bn this head, it is of every day occurrence that complaints 
are made of the introduction of the air being attended with 
decreased evaporation, or increased consumption of fuel. 
The complainants, however, should understand that they are 
themselves the direct cause of these effects, and by mere 
inattention to the state of the fiirnaces. They overlook the 
fact, that while they are complaining of the effects produced 
by the introduction of certain limited quantities of air in the 
right place, they allow their firemen to leave much of the 
furnace-grate uncovered; thus affording the shortest and 
hottest possible route for the introduction, perhaps, of 
double the volume that could possibly be required. 

Of the great waste of heat and the consequent reduction 

Tliis ueeessanly suggests the importance of feeding the furnace by 
mechanical means. Here, then, is a legitimate direction for the ingenuity 
of patentees. The principles on which a mechanical feeder should be 
based will be hereafter considered. 
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of temperature in the flues, arising from the single circum¬ 
stance of allowing the incandescent fuel, towards the end of 
the charge, to run too low^ or he irregularly distributed, the 
experiment of Mr. Houldsworth, as shewn in the annexed 
diagram, is highly instructive, and merits the most attentive 
consideration. This experiment was made expressly for the 
British Association assembled at Manchester, in 1842. 
(See plate 1.) 

By this diagram, it will be seen that on a charge of 3 cwt. 
of coal being thrown on the furnace, the temperature in the 
flue (as indicated by the pyrometer) rose, in 25 minutes, 
from 750° to 1220°, when it began to fall, and descended to 
1040°, the fuel not having teen disturled during 75 mmufes» 
At this stage, however, a remarkable change took place. 
Perceiving the temperature in the flue to have become so 
low, Mr. Houldsworth had the fuel levelledf that is, had 
it more equally distributed, and the vacant sgaces covered. 
The effect was (as shewn in the diagram) the sudden rise in 
the temperature from 1040° to 1150°, at which it continued 
during ten minutes, when it gradually fell to 850°. 

The upper line of the diagram represents range of tem¬ 
perature, air being admitted. 

The lower line of the same represents range of tempera¬ 
ture, air being included, common plan. 

Two important questions are here raised, viz., Why 
did the temperature in the flue fall, after 25 minutes, 
from 1220° to 1040° ? and why did it suddenly rise to 
1150° ?— nothing whatever having been done^ with the excep¬ 
tion of this one movement^ the having “ the fuel levelled'^ 
This movement, however, is the key to the whole,—an 
increase of temperature of no less than 110° being thus 
obtained in the short space of minutes, not by any addi¬ 
tion of fuel, or mere rapid combustion, but merely as the 
result of having “ the fuel levelled. The causes of these 
remarkable alterations of temperature then were, first, the 
admission of an excess of air in irregular and uncontrolled 
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quantities through the uncovered portion of the lars; —and, 
second, tlie mere cHeck put to tliat evil by tkeir being more 
equally covered witb tbe fuel.=^ 


* As the use of the pyrometer is of the highest importance, not merely 
for experimental purposes, hut for all boilers, and for general use, when¬ 
ever it can he introduced, the simple hut valuable instrument which is 
used hy Mr. Houldsworth, and hy which he obtained the above results, is 
here given from an interesting paper on ‘‘ The Consumption of Fuel and 
the Prevention of Smoke,” read before the British Association by William 
Fairbum, Esq., C.E., F.E.S. 

“ For these experiments we are indebted to Mr. Henry Houldsworth, of 
Manchester ; and, having been present at several of the experiments, I can 
vouch for the accuracy with which they were conducted, and for the very 
satisfactory and important results deduced therefrom. 

‘‘In giving an account of Mr. Houldsworth’s experiments, it will be 
necessaiT- to describe the instrument by which they were made, and also 
to show the methods adopted for indicating the temperature, and the 
changes which take place in the surrounding flues. 


PXEOMETEE. 

Fig. 18 . 



‘‘Tbe apparatus consists of a simple pyrometer, with a small bar of 
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It is here to be observed that when a charge is nearly 
exhausted, or begins to tuTn in holes, the evil increases 
itself by the accelerated rapidity with which the air enlarges 


eopper or iron (a in tlie previous sketcli) fixed at tlie extreme end of the 
boiler, and projecting through the brick-work in front, where it is jointed to 
the arm of an index lever 5, to which it gives motion when it expands or 
contracts by the heat .of the flue. 

‘‘The instrument being thus prepared, and the bar supported by iron 
pegs driven into the side walls of the flue, the lever (which is kept tight 
upon the bar at the point e by means of a small weight over the pulley at 
d) is attached, and motion ensues. The long arm of the lever at d gives 
motion to the sliding rod and pencil /, and by thus pressing on the peri¬ 
phery of a slowly revolving cylinder, a line is inscribed corresponding with 
the measurements of the long arm of the lever, and indicating the variable 
degrees of temperature by the expansion and contraction of the bar. Upon 
the cylinder is fixed a sheet of paper, on which a daily record of the tem¬ 
perature becomes inscribed and on which are exhibited the change as well 
as the intensity of heat in the flues at every moment of time. In usiog this 
instrument it has been usual to fix it at the medium temperature of 1000°, 
which, it will he observed, is an assumed degree of the intensity of heat, 
but a sufficiently near approximation to the actual temperature for the 
purpose of ascertaining the variations which talcc place in dll the different 
stages of combustion consequent tipon the acts of charging, stirring, and 
raldng the fires. 

Mr. Eairburn then gives two interesting diagrams exemplifying the 
result of experiments made by the aid of the pyrometer, and con¬ 
tinues :— 

“ On a careful examination of the diagrams, it will be found that the 
first was traced without any admixture of air except that taken through the 
grate-bars ; the other was inscribed with an opening for the admission of 
air through a diffusing plate behind the bridge, as recommended by Mr, C. 
W. ‘Williams. The latter, No. II., presents very different figures: the 
maximum and minimum points of temperature being much wider apart in 
the one than the other, as also the fluctuations which indicate a much 
higher temperature, reaching as high as 1400°, and seldom descending 
lower than 1000°, giving the mean of 1160°. 

“Now, on comparing No. II. with No. I., where no air is admitted, it 
win he found that the whole of the tracings exliihit a descending tempera¬ 
ture, seldom rising above 1.100°and often descending below 900°, the mean 
of which is 975°. This depression indicates a defective state in the process, 
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the orifices it has thus made for its own admission, causing 
a still more rapid combustion of the fuel around the unco¬ 
vered parts, and at the verj time when these orifices should 
have been closed. 

I^ad it been possible, in Mr. Houldsworth’s experiment, 
to have preserved the fuel continuous!}’', and uniformly 
spread^ throughout the charge of 100 minutes, the diagram 
would have indicated a more uniform line of temperature, 
as marJced hy the dotted line, and, consequently, have pro¬ 
duced a higher average range of heat in the flue. 

M. Peclet,* in his elaborate work, appears to have given 

and altlioiigli a greater quantity of coal was consumed (2000 lbs. in 39S 
minutes in tbe No. II. experiment, and 1840 lbs. in 406 minutes in 
No. I.,) yet tbe disparity is too great when the difference of tempera¬ 
ture and loss of heat are taken into consideration. As a further proof 
of the imperfections of No. I. diagram, it is only necessary to com¬ 
pare the quantities of water evaporated in each, in order to ascertain 
the difference, where in No. I. experiment 5*05 lbs. of water are evapo¬ 
rated to the pound of coal, and in No. II. one-half more, or 7*7 lbs. is 
the result. 

‘‘Mrj Houldswortli estimates the advantages gained by the admission of 
air (when properly regulated) at 35 per cent., and when passed through a 
fixed aperture of 43 square inches, at 34 per cent. This is a near approxi¬ 
mation to the mean of five experiments, which, according to the preceding 
table, gives 334* per cent., which probably approaches as near the maximum 
as can be expected under all the changes and vicissitudes which take place 
in general practice.” 

Here are practical results from unexceptionable quarters, and although 
they have been so many years before the public, nevertheless, smoke burn¬ 
ing observations and hot air fallacies continue to be listened to, and dearly 
paid for. 

* To produce a good and useful effect, furnaces should, at all times, 
burn the same quantity of fuel, since the variations in the consumption, caused 
by the use of dampers, which cannot be made to follow the variations m the 
thickness of the hed of fuel, always cause the passage of a large volume 
of air that would be unnecessary for combustion.” 

Again he observes,—“I am convinced, that in a great number of steam- 
l)oilers, more tlian a third of tlie heat is lost, principally by the introduc¬ 
tion of too great an excess of air. It is evident, that to this circumstance 
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miicli attention to the necessity of having the fuel on the 
bars at all times, in the most uniform state, and thus 
avoiding any irregular or excessive local admission of air. 

With reference to the rate of combustion, and the weight 
of fuel to be laid on each square foot of bar-surface, this 
continues to be a debated point. Mr. Craddock, in a late 
publication (^On the Ohemistry of the Steam JEngine, JBraoti- 
cally Considered)^ observes:—‘‘ There would be no great 
difference in the ^steam-genei^ting efdciency oif a large 
grate-surface and a slow draught, or a srpall grate-surface 
and a very quick draught, as in our present locomotives.” 

No correct inference, however, can be drawn from this 
statement, as he has omitted to explain what is meant by 
the term efficiency Whether it has reference to the fuel 
employed, or the, time employed:—to the weight of water 
evaporated by a given weight of fuel, or the time occupied in 
producing that effect. Sloto conibustion will be most 
economical as regards the fuel employed^ as in the Cornish 
boilers; while quioh conibustion will be most so as regards 
the time employed, in loeomoiiYe and marine boiler. 
As the weight of the water evaporated is in the one case 
over-rated, so the time employed is under-rated in the other. 
The mean between the two false estimates will then be tlio 
true exponent of the relative commercial value of the two 
operations. 

The view of tlie subject, as stated by Mr. Craddock, m 
certainly not supported in practice. 'Ey spreading fiud over 
a very large surface,” the facilities arc incrcaHed for the 
admission of a local and wasteful excess of air in numeroim 

may te attributed tlie Hingular fact observed by many ]<3ngineerH, --tliai in 
certain descriptions of boilers, the olTeol produced by tins HurliuscM whieli are 
heated hjeontad witli the burnt air, (an in the tubtse) In but one-third part 
of that produced by those HurlacseH \v]ii(sli are heated by radlailun, m In the 
fire-box or furnace.'^’— Tmitc dc hi Chalcur, cniumlenc dam sa Apjdhu- 
tions, par E. Ptclct, Imjtccteiir (kuiral dc nhiirerinik, apjdajiiCc aux 
Arts d VJkolc Centralv, A'C., Pari;. 


1) 
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SDQall, but aggregately large, quantities, the injurious effect 
of wbich m the flues cannot be too strongly enforced, as was 
so clearly demonstrated in tbe pyrometer experiment of 
Mr. llouldswortli. 

It is true, by these mecbanical contrivances, by which the 
fuel is thinly and continuously spread over a large surface, 
there would be less tendency to the formation of dense 
smoke, because the quantity of air introduced over that 
extended surface, being so much greater than is chemically 
required, the volume of flame is considerably reduced, and, 
consequently, the volume of smoke.^ "We must not, how¬ 
ever, deceive ourselves in this matter. The avoidance of 
dense smoke by these means must be attended with the 
production of less available flame and heat, relatively with 
the area on which the fuel is spread, from the extended and 
attenuated temperature in the furnace chamber. 

Many trustworthy manufacturers, having tried the system 
of revolving grates, moving bars, and self-acting feeders, and 
having found them unaccompanied with the nuisance of 
smoke, are hence led to infer that they have produced perfect 
combustion of the fuel, and economy in its application. This 
error will be commented on in the succeeding chapters. 
Without derogating from the merit due to such inventions, 
mechanically and practically considered, it will, however, he 
found that these, and such appliances, are but expedients 
for avoiding tlic consequences of the first error, namely, the 
ncflect of supplying the gaseous products of the coal tvith its 

* A nuuiU'u* illusii'utiun of tliis may to Been in tluj llanui of a candle. If 
we walk ^enlly, carrying; a candle, Uic current of air induced liy our 
nuitlmi couls llic ll.une. The uiii>f.r part then iHMiomcB red, and in coii- 
vcikd iid.) a stream <.t‘ snedan If, ln)^v.■ver, \vc walk briskly along, 
that <luii-'Lted lurid llame hfcmnes siidtleiily short, cl(_'.'Lr, and without 
; rroik'-. This change aris<-s frem the great ;u’CfSS of air to which the 
ilaiiie was then e>:|in.se<l. This is pree.isely the ellciT [M'edin'ed hy iji- 
ti-Mdufliig an cxt;e.'S nf air through an exteude*!, hut thin, hudy of fuel 
Mil the hars. 
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proper quantity of air in the right way. In a word, liaving 
first made a serious blunder, we endeavour to escape its 
consequences by ingenious and even costly contrivances, 
and actually bestow on them the merit of having rightly 
worked out the ends and processes of nature. Yet, with 
equal truth might we designate the nostrums of quacks as ’ 
the true means of securing a healthy state of hody, while 
they were but so many palliatives of the effect of previous or 
habitual errors. 

Having spoken of the grate-lar surface, and what is 
placed on it, we have next to consider the chamler ^art of 
the furnace, and what is formed therein. In marine and 
cylindrical land boilers, this chamber is invariably made too 
shallow and too restricted. 

The proportions allowed are indeed so limited as to give 
it rather the character of a large tube, whose only function 
should be, the allowing the combustible gases to gass 
through it, rather than that of a chamber, in which a series 
of consecutive chemical processes were to be conducted. 
Such furnaces, by their diminished areas, have also this 
injurious tendency,—that they increase the already too 
great rapidity of the current through them. The defect of 
insufficient capacity in the chamber of the furnace, above 
the fuel, will be best appreciated when we consider that in 
it the gases are generated,—their constituents separated,— 
each brought into contact with the oxygen of the air,—and, 
finally, their combustion effected. 

The constructing the furnace chamber so shallow, and 
with such inadequate capacity, appears to have arisen from 
the idea, that the nearer the body to be heated was brought 
to the source of heat, the greater would be the quantity 
received. This is no doubt true when we present a body to 
be heated in front of a fire. When, hovrever, the approach 
of the colder body will liave the direct effect of interfering 
with the processes of nature (as in gaseous combustion), it 
must manifestly be injurious. Absolute contact with flame 

3 ) 2 
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When, however, the object is merely to raise a body to a 
high temperature by local application, as when we heat a 
bar of iron in a forge, or a flame, and without reference to 
the quantity of heat produced and wasted; in such cases, 
direct contact becomes necessary. So much, however, has 
the supposed value of near approach, and even impact, pre¬ 
vailed, that we find the space behind the bridge, frequently 
made but a few inches deep, and bearing the orthodox title 
of hed^ as in Fig. 19. Sounder views, however, 

have shown that it should have been made capacious, and 
the impact of the flame avoided. This will be enlarged on 
hereafter. 

So little attention has been given to this part of the 
subject, that we find the practice adopted in locomotive 
furnaces is directly at variance with that in marine and land 
toilers. In marine furnaces, using bituminous coal, and 
where, for chemical reasons, large capacity in the chamber is 
an absolute essential, it is, nevertheless, made shallow, 
narrow, and long. In locomotives, on the contrary, where no 
similar gaseous operations are carried on, the chamber 
(called the fire box) is de&g, wide, and short. Thus the 
former is deficient in the capacity which is there an 
essential; while the latter has it in abundance, though not 
absolutely necessary. 

This anomaly is illustrative of the absence of due inquiry 
when the locomotive tiihular system was inadvertently intro¬ 
duced into marine boilers, as will be shown hereafter. It is 

room betweea tlie grate and tbe copper may be illustrated by a very simple 
experiment. If a small copper or porcelain capsule, containing water, be 
held over the flame of a candle a little above its apex, the flame will suffer 
no abatement of brightness or size, but will continue to keep, the water 
briskly boiling. If the capsule be now lowered into the middle of the 
flame, this will immediately lose its brightness, becoming dull and smoky, 
covering the bottom of the capsule with soot; and owing to the imperfect 
■combustion, though the water is now surrounded by the flame, its ebul¬ 
lition will cease.” 
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liere only necessary to add, that as bituminous coal cannot 
efficiently, or economically, be employed, except on the con¬ 
dition that the gaseous as well as the fixed j^ortion be 
supplied with the air necessary for combustion; so it is 
essential that adequate space, or area, be provided in the 
furnace for the due performance of such duties. 

As a general rule, deduced from practice, it may be 
stated, that the depth between the bars and the crown 
of the furnace should not be less than two feet six 
inches where the grate is but four feet long; increasing 
in the same ratio where the length is greater: and, 
secondly, that the depth below the bars should not be less, 
although depth is not there so essential either practically or 
chemically. 


CHAPTER III. 

OE THE INTEOniJOTIOH OE THE AIE TO THE COKJB, OH 
EIXEH POETIOH OE THE COAL IH A EXJBHACE, PBAO- 
TICALLX COHSIDEBEH. 

With reference to the volume of air required for the 
combustion of the colce of a ton weight of coal, independently 
of the gas, there can be neither doubt nor difficulty. There 
is but one body, or combustible to be dealt with, viz., the 
carbon : so there is but one supporter of combustion required 
—the oxygen of the air. Any difficulty that may arise, there¬ 
fore, in practice, cannot be a chemical one, and must be the 
result of some impediment mechanically introduced. 

We have seen that in combustion, atmospheric air is the 
largest ingredient; yet, it is just the one to which, practi¬ 
cally, the least attention is given, either as to quantity or 
control. This surely is not in accordance with the scientific 
status of the age. Indeed, the practice of the present day 
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is in direct opposition to what science dictates; and may be 
compared to that of a chemist, who, though requiring precise 
proportions and equivalents, both in weight and volume, of 
two ingredients, for producing a .given result, should never¬ 
theless be particular as to providing the one, but regardless 
as to the other. 

Mr. Craddock, with the view of refuting the objections to 
the tubular boiler, observes, “ If chemistry did not teach us 
that the rate of combustion produced in the furnace is 
dependent on the quantity of air passing through it, every 
day’s experience would soon convince us of this.” Now, 
chemistry certainly does not teach, nor does experience 
justify, any such inference. What both teach is this, that 
combustion depends not on the quantity of air passing 
through it, but on the weight of oxygen which is taken 
ug in the passage. In truth, the quantity of air passing 
through it may be even destructive of combustion when 
in excess of the demand of the fuel, if improperly intro¬ 
duced. 

Again, he observes, This being the case, the matter 
stands thus:—the quantity of heat generated is dependent 
- upon the quantity of air admitted: so also is the quantity of 
steam produced dependent upon the greater or less intensity 
of the fire.” 

Neither chemistry nor experience justify these inferences. 
The quantity of “heat generated” is dependent on the 
relative weight of hydrogen first, and carbon afterwards, 
chemically comlinecl with their equivalent weights of atmos¬ 
pheric oxygen. The quantity of air admitted may, indeed, 
actually diminish the quantity of heat generated. So, “ the 
quantity of steam produced” does not depend on the 
“ intensity of the fire,” but on the quantity of heat absorbed 
ly the water, as will hereafter be explained. 

Were there nothing else requiring attention, in the use of 
coal, than the combustion of its fixed carlon (as in the fire¬ 
box of a locomotive) nothing further would be necessary 
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tlian. tlie supplying tlie air through, the grate-bars to the 
fuel on them. In the use of coal, however, as there is the 
gas also to he generated and consumed, any excess of air, or 
its injudicious introduction, though it might not affect the 
combustion of the carbon, must necessarily interfere with 
the quantity introduced for the use of that gas. 

As to the guantity of air chemically required for the colce, 
or fixed portion of the coal, after the gas has been expelled, 
it has already been shown that every 61bs of carbon requires 
IGlbs. of oxygen. l!^ow, the volume of atmospheric air which 
contains 161bs. of oxygen is estimated at about 900 cubic 
feet, at ordinary temperature. Taking, then, bituminous 
coal as containing 80 per cent, of carbon, we have IGOOlbs. 
of coke (the produce of 20 cwt. of coals) requiring its 
equivalent of oxygen, and which will be equal to 240,000 
cubic feet of air; since as 6: 900:; 16 :240,000. This great 
quantity of air required for the exclusive use of the colce onthe. 
lars, must, therefore, be passed upwards, from the ash-pit, 
the product being transparent carbonic acid gas, of a high 
temperature. 

In this process no error can be committed. The carbon 
remains quiescent, and without comhiistion (wholly irrespec- g 
tive of the temperature to which it may be raised), until 
each atom shall, successively, obtain contact, and combine 
with its equivalent of oxygen; which become, as it were, the 
wings by which it is literally to be carried away, in the 
shape of carbonic acid. Of itself, and without the aid of 
such wings, it had no power of movement, escape, or com¬ 
bustion. 

The conditions under •which cohe enters into union with 
oxygen, and the singleness of the process, marks strongly 
the distinction between its use in the locomotive, and that 
of coal in the marine, or land boiler. In the former, there 
is but one operation, as here shown; in the latter, however, 
there are the several gaseous operations, all of which requii'e 
systematic management. 
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In supplying tlie air to tlie coke, and to avoid tke admis- 
'sion of a larger quantity than is legitimately required for its 
own combustion, the principal point requiring- attention is 
^epresermng a uniform and sufficient lody of fuel on the 
hars^ as noticed in the last chapter; thus to prevent the air 
passing through the fuel' in masses or streams, by which a 
cooling effect would be produced, injurious to the generation 
and combustion of the gas. "Where anthracite is used, as in 
the United States, and which is composed chiefly of carbon, 
the practice is to keep a body of it on the bars of from 7 to 
12 inches deep. If this depth of anthracite is advisable, it 
will hereafter be explained, that a greater depth is requisite 
with bituminous coal. 


CHAPTEE IV. 

THE MEAKS OE TI^TKODITCIKa AIE TO* THE OASEOTTS 
POBTiOH OE THE COAL. 

Haying- spoken of the air required for the cohe of a ton of 
coal, we have now to consider the quantity required for the 
gas of the same. Here we enter, unquestionably, on the 
most difficult branch of the inquiry. 

It has been shown that each cubic foot of gas requires, 
.absolutely, the oxygen of ten cubic feet of atmospheric air. 
’Ey the proceeds of the G-as Companies, we learn, that 
10,000 cubic feet are produced from each ton of bituminous 
coal: this necessarily requires no less than 100,000 cubic 
feet of air. Adding this to the 240,000 cubic feet required 
for the coke, we have a gross volume of 340,000 cubic 
feet as the minimum quantity absolutely required for the 
combustion of each ton of coal^ independently of that excess 
which will always be found to pass beyond what is chemi¬ 
cally required. 
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As it continues to be asserted that tbis great volume of 
air might, under management, be introduced through the fire 
bars and su^ermcumbent fuel^ the question demands a closer 
examination. A little consideration, however, will show, 
that such a proceeding would be not onlj opposed to all 
chemical experience, but that it involves a physical impos¬ 
sibility. 

It will not here be necessary to prove, that a body of 
air could not pass through a mass of incandescent coke, 
without being deprived of the entire, or a large portion, 
of its oxygen: as well might we expect that air 
would pass through the lungs of one human being, and 
yet contain the necessary quantity of oxygen for the 
support of life in another. 

Before a fresh charge of coal is thrown in, there will, or 
should be, as already observed, a sufficient body of clear and 
highly heated coke remaining on the bars. After the charge 
has been made, a large volume of gas will be generated ; 
and, consequently, an equivalent quantity of pure air will be 
required for its combustion. IN'ow, at this stage of the 
process, and by reason of the mass of fresh fuel thrown in, 
the passage of the air through it must then, necessarily, be 
the most restricted. Thus the smallest quantity of air would 
be enabled to gain admission, simultaneously, with the 
greatest demand for it; and the largest generation of gas, 
simultaneously, with the most restricted means of enabling 
the air to obtain access. Were there no other considerations, 
these alone would be sufficient to show the absolute neces¬ 
sity of 'pTomding some other channel for the introduction of 
the air for the gas, and the impossibility of introducing the 
requisite quantity in that direction. 

As the obtaining the largest measure of heat from any 
given weight of coal, turns exclusively on the introducing 
the air in the proper quantity and manner^ this, in fact, 
becomes the cardinal point in the inquiry ; and on this point 
have the greatest mistakes been made. Watt in his early 
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patent (1785) sougTit to introduce tlie air through the tody 
of fresh coal placed in front of the furnace. Chemistiy, 
however, has since shown, that not one hundredth part of 
the required quantity could be so introduced. When Watt 
was engaged in considering the generation of steam, concur¬ 
rently with the use and economy of fuel, all was uncertainty 
as to the proportion of air, chemically required for its com¬ 
bustion. The scientific world had but a vague idea of the 
relations between the combustible and the supporter of 
combustion. The all-important system of chemical equiva¬ 
lents which now forms the basis of our knowledge, as to 
quantities, was not even suspected. Since then, however, 
by the discoveries of Higgins, Dalton, Davy, and their suc¬ 
cessors, uncertainty has given way to certainty, and we are 
now as sure of our results as if we had, physically, the 
power of handling and combining, at will, the several 
elements which enter into the composition of bodies. In 
the language of Stockhardt, “ Previously to the discovery of 
the laws of equivalent proportions, hardly fifty years ago, it 
could only be ascertained by laborious trials, how much of 
one body was required to combine with another, or to 
replace another. It is now only necessary to refer to the 
table of the proportional or equivalent numbers, to ascer¬ 
tain, and beforehand, the quantity to be employed.” 

Had Watt been experimenting on the combustion of coal, 
with the accurate knowledge we now possess, he certainly 
would not have neglected (as is the case in the present day) 
the providing the relative quantities of the ingredients, air 
heing one of them. 

We may here imagine the amazement which Watt would 
have experienced, had the following formulm been presented 
to him. 

“ Organic substances have an incomparably more compli¬ 
cated constitution than in the organic compounds, as the 
following examples show: 
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Fig. 20. 



Fig. 21. 


Erom tlie well known amber^ a peculiar 
acid, succinic acid, is obtained, wkicb con¬ 
sists of four atoms of carbon, two atoms of 
hydrogen, and three atoms of oxygen, and has; 
accordingly the formula (see Eig. 20 )- 



‘‘If one atom of oxygen is added to this, 
we have the constitution of malic acid = 
C 4 H 2 O 4 (see Eig. 21 ). 


Fig. 22. 



“ If one more atom of oxygen is added, 
that of tartaric acid = O 4 Hg O 5 (see 
Eig. 22). 


Pig. 23. 

“ And by adding yet another atom of 
oxygen, that oiformic acid = C 4 II 2 Og 
(see Eig. 23). 

'‘But on the other hand, if one atom of 
hj^drogen is added to the succinic acid, which 
was the starting-point, the constitution of 
acetic acid is obtained = C 4 II 3 O 3 &c. (see 
Eig. 24). 

“ (Sugar, starch, and wood have precisely the same consti¬ 
tution, namely, Og II 5 O 5 : they are isomeric. If we imagine 
these three elements grouped together in different w^ays, as 
for instance:— 


Fig. 24. 




IN SUGAR. 

Fig. 25. 


IN STARCH. IN WOOD. 

Fig. 26. Fig. 27. 
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Here, then, we can form an idea how one and the same 
quantity of the same elements may combine, forming such 
very different bodies.’’ 

With reference to the volume of air to be introduced, 
Professor DanieU observes, that it will be necessary, even in 
laboratory practice, to supply tiuice the that wouidj 

strictly and chemically, be required. How, taking the 
minimum quantity of air, at atmospheric temperatm’e (for 
the gas of one ton of coal), at 100,000 cubic feet, to form 
an idea of what that quantity is, it will only be necessary to 
say, that it would fill a tube of 12 inches square (the area of. 
ordinary fire doors), and of no less than 20 miles in length. 
This will enable us to consider practically the great body, or 
bulk, we have to deal with, and the difficulty of effecting its- 
introduction. 

The introducing the required quantity of air will neces¬ 
sarily depend, first, on the area of the orifice through which» 
it enters; and second!}’’, the velocity, at which it passes 
through that area. It has been stated that the aperture for 
the admission of the required quantity should average from 
one-half to one sguare inch for each square foot of grate^-lar 
surface. 

So entirely disproportioned, however, is the area here 
stated, that it would not supply one-fourth the quantity 
alsohUely required-; much less that additional quantity 
which we have seen must of necessity pass with it. 

There seems, then, to' have been some serious oversight 
in making these calculations. Practice and experiment 
prove that instead of an area of one square inch, no less 
than from four to six square inches for each square foot of 
furnace will be required, according to the gas-generative 
quality of the coal, and the extent of the draught in each 
particular case. 

In examining' the tables of results supplied by experi¬ 
menters, the cause of their exTor may be traced to a mistake 
in the estimated velocity of the heated gaseous matter 
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passing tlirongh furnaces to tlie chimney shafts. As this 
has, in many instances, been adopted on the supposed 
authority of Dr. Dre, it is right to state, that the error 
appears to have originated in taking what that accurate 
chemist and experimenter had given,—not as j^ractical^ but 
as theoretic results.* 

It is to be observed, that we are not here determining (as 
Dr. Dre was) the velocity of the current of heated gaseous 
products passing through the flues of a furnace, or escaping 
by a shaft of any given height. It is not the egress of 
intensely heated products that we are considering, but the 
ingress of air at merely atmospheric temperature and pres¬ 
sure; and further subject to all the consequences of im¬ 
peded motion from friction, in passing through numerous 
small apertures. 

The following table of relative velocities of the air on 
entering, will illustrate the joint influences of current and 
area through the admission orifices. 


Air aperture per 
square foot of 
furnace for bitu¬ 
minous coal. 

Velocity per 
sico%d of ingress 
current of air at 
60^ 

Cubic feet per hour 
entering through 
small orifices. 

Por every ton of 
Coal in Cubic 
feet. 

Square inches. 

At ft. per second. 

Cubic feet. 

Cubic foet. 

6 

5 

7,500 

75,000 

6 

10 

15,000 

150,000 

300,000 

6 

1 20 

80,000 

5 

5 

•6,250 

12,500 

62,500 

5 

10 

125,000 

5 

20 

25,000 

250,000 

4 

5 

5,000 

50,000 

4 

' 10 

10,000 

100,000 

200,000 

4 

20 

20,000 


Dr. Tire’s statement is as follows: ‘‘Tlie qnnntity of air passing tlirougb 
well-constructed furnaces, may, in general, te regarded as double what is 
rigorously necessary for combustion, and the proportion of carbonic acid 
generated, therefore, not one-half of what it would be were all the oxygen 
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N'ow, suppose a furnace measuring 4 x 2/6 = 10 square 
feet of surface, and with, moderate draught, this will be 
adequate to the combustion of 2 cwt. of coal per hour;—the 
gas from which will require 10,000 cubic feet of air. To 
supply that quantity, within the hour, will require the 
following relative areas of admission, and velocity of cur¬ 
rent, viz.:— 

Velocity of current per Area of Aperture, in 

second of air entering the square inches, per foot 

furnace. of furnace. 

If at 6*66 feet per second, will require 6 square inclies. 

,j 10 ,, ,, 4 ,, 

)} 20 ,, ,5 2 ,, 

5 ) 40 ,, ,, 1 ,, 

Trom this we see the absolute necessity of ascertaining 
the practical rate of current of the air when entering, before 
we can decide on tbe necessary area for its admission. 
Hitherto no estimate has been made respecting these pro¬ 
portions on which reliance can be placed. 

With reference to the mode of introducing the air, it is 
not a little remarkable (so slow is scientific progress when 
opposed to established custom) that many, to the present, 
overlook, or even dispute the difference in effect, when it is 
introduced through one, or numerous orifices. In illus- 


comhined. The increase of weight in such burned air of the temperature 
of 212° being taken into account will give 19 yards or 57 feet per second 
for the velocity in a chimney 100 yards high incased in steam. 

‘‘Such are the deductions of theory; hut they differ considerably from 
practical results.” Describing the many sources by which the theoretical 
velocity was diminished, he gives the result of a series of experiments in 
which the velocity per second was as follows ;— 

“ The chimney being 45 feet in length, the temperature of the thermo¬ 
meter being 68° Fahr. the velocity per second was— 


Trials. By Thcoi’j'. By Experiment. 

1 . . 26*4 feet . . 5 feet . 

2 . . 29*4 „ . . 5*76 „ . 

3 . . 34-5 „ . . 6- 3 „ . 


Mean Temperature 
of Cliimnoy. 

. 190 Fahr. 

. 212 „ 

• 270 „ 
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tratiorij then, of the effect of introducing tlie air in a divided 
foTvriy let us take the case of a boiler furnace of modern and 
approyed form, wbere the air enters by a single orifieey and 


compare it with that shown wnere it enters through 100 or 
more orifices. 
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In tlie first example (if tlie bodj of air be not too great), 


tbe effect may be favourable, to 
the generation of dense smoke, 
quantity of air thus intro¬ 
duced, is chemically inade¬ 
quate to the combustion of the 
gas, much of the lattea^'inust 
escape imconswned, though not 
in the form of smoke, but as a 
light coloured vapour. In such 
case, however, the inference 
usually drawn wmuld be, that 
the area of admission was 
sufficient, and the combustion 
perfect. 

This,, however, would be 
erroneous; besides, that it 
would constitute the mere non- 
appearance of smoke as the < 
test of perfect* combustion of ^ 
the gas. 

In the first case, Mg. 28, 
the body of air, by passing 
through a single aperture, pro¬ 
duces the action of a strong 
current, and obtains a direction 
and velocity antagonistic to 
that lateral motion of its par¬ 
ticles which is the very element 
of diffusion. In this case, pass¬ 
ing along the flue, tlie stream 
of air pursues its own course 
at the lower level, A, while the 
heated products fill the 


some extent, in preventing 
Inasmuch, however, as the 



one at B. It is here evident. 


according to the laws of motion, that the two forces, acting 
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in the same direction^ prevent tlie two "bodies impelled by 
them (the air and tbe gas) from amalgamating. In fact, 
they do not come into contact, except in tlie strata, or 
planes, of tbeir respective proximate surfaces. The cooling 
influence of the air, however, goes on in the flue, and 
produces a result the reverse of what was then most desired. 
In this case, the velocity of the current is opposed to the 
desired diffusion; and as, by the laws of motion, matter 
cannot change itS' direction unless by the introduction of 
some other force;—-that other force is just what is here 
required. Thus, in the present instance, we must either 
change the direction of - the current of the air, or give it the 
right direction from the beginning. 

!N'ow, instead of a single aperture, let the air enter 
through a hundred or more apertures, as in Tig. 29. Here 
the force and direction of the current will be avoided, 
and the required diffusive action produced on passing the 
bridge. Instead of the refrigeratory influence of the air, as 
in the first case, there will he a succession of igniting atoms, 
or groups, which Sir H. Davy calls ‘‘ explosive mixtures,’’ 
each producing combustion with its high temperature. 
These are distinctly perceptible from the sight holes at H. 

The same results will follow, whether the single or nume¬ 
rous orifices are placed at the door^ or at the bridge end of a 
furnace, as in Tig. 30. In this case, the diffusion will be 
more immediate and effective. 

On this point it may be well to notice the oft-repeated 
fact, that the avoiding dense smoke may be obtained by 
leaving the fire-door ajar. How, so far from this being a 
discouragement, or argument against the use of numerous 
small orifices, it absolutely confirms both the principle and 
practice ; for, if allowing a given quantity of air to enter in 
a thin film at the edge of the door have a good effect, we are 
thereby encouraged to allow the entire complement to enter 
by other and more numerous films or apertures. If, indeed, 
allowing the door to be ajar^ with an opening of one inch, 
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were sufficient for tlie admission of the entire volume re¬ 
quired, notliing further will be desired. The moment, how¬ 
ever, the aperture is enlarged by opening the door wider, to 
allow that required volume to enter, the injurious and 
cooling influence of the body and current of air becomes 
self-evident, and the result confirmed by the reduced tempe¬ 
rature in the flue, as indicated by the pyrometer. 

Of the advantageous effect produced by mechanical agency^ 
in promoting immediate diffusion between the air and the 
gas, the following experiments are quite conclusive. 

Let Figures 31, 32, and 33 (see Plate 2), represent each a 
tin apparatus, with its glass chimney, similar to the ordinary 
Argand burner,—the gas is admitted the same way in all 
three—the difference to be noted is, in the manner in which 
the air is admitted. In all these cases, the quantity of both 
gas and air was the same. 

In Fig. 31, no air is admitted from below; and the 
consequently, does not meet with any until it reaches the 
top of the glass, where it is ignited, producing a dark smoky 
flame. 

In Fig. 32, air is admitted from below, and rises through 
the orifice at A, concurrently with the gas at the orifice B. 
On being ignited, one long flame is produced, of a dark 
colour, and ending in a smoky top. 

In Fig. 33, the air is introduced from below, and into the 
chamber c c., from which it issues through a perforated 
plate, like the rose of a watering pot; thus producing 
immediate mixture with the gas. On being ignited, a short, 
clear, and brilliant flame was produced, as in the ordinary 
Argand gas burner. 

The heating powers of the flames were then tested, by 
placing a vessel of cold water over each. When over 
Fig. 32, it required 14 minutes to raise the water to 200®, 
whereas, over Fig. 33, it reached 200® in 9 minutes. 

Now, the difference of effect produced in those three ex¬ 
periments corresponds with what takes place in furnaces and 
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their flues, when the air is excluded, and when it is admitted 
through a single or through numerous orifices. 

Of the importance of mechanical agency^ in promoting the 
rapid diffusion or mixture of the air and the gas, the modes 
adopted on the continent for rendering the coke gas, or car- 
bonic oxide^ available, are conclusive and instructive. 

M. Peclet has given ample details of the mode of effecting 
the combustion of this gas (the existence of which has, for a 
long time, been practically ignored in this country), in the 
manufacture of iron, and even in the puddling furnaces, 
where the most intense heat is required. 

M. Peclet states that the process at Treveray, in Prance 
(see Pigs. 34i and 35, Plate 3), is preferable to that adopted 
in G-ermany, and for the following reasons, which are quite 
to the point of our present inquiry. 

1st. The air and the gas are better incorporated. 

2nd. The relative quantities of the gas brought into 
contact with the air are more easily regulated. 

3rd. Combustion is effected by the introduction of the 
smallest excess of air. 

Tn the apparatus, as shown in the section, Pig. 34,50 jets 
of air issue, each in the centre of 50 jets of the gas (carbonic 
oxide), led from the cupolas of the melting furnaces. On 
examination of the process here exhibited, the mixing and 
combustion, it will be seen, takes place on the instant^ and 
before the flame and heat enter the chamber of the furnace 
at P. By this arrangement, M. Peclet observes, that the 
highest temperature that the arts can require is here 
obtained.” It is strange that the practical and commercial 
value of this gas, which is so wastefully expended at our 
manufactories, at the summit of the cupolas, but so well 
understood and economised in Prance and Germany, is only 
just now being recognised in this country. 
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CHAPTER V. 

or EEOtJLATIKG THE SHPPLT OE ATB TO THE OAS ET 
SELE-ACTIHO OR OTHER MEOHAFICAL APPARATUS. 

Much has heen urged oh the necessitj for regulating the 
supply of air entering the furnace, as a means of preventing 
an excess at one time, or insuificient quantity at another. 
The theory is plausible. Practice, however, when tested by 
the aid of a pyrometer, and on the large scale of the furnace, 
has invariably.proved its unsoundness and futility. 

If the generation of the gas in a furnace were a constant 
quantity; or uniformly increasing and decreasing ; and ab¬ 
solutely ceasing at some one stage of the charge of coal; 
such regulating apparatus would have its merit. The eye 
and the pyrometer, however, at once warn us of the wide 
ditference between theory and practice; exhibiting the 
irregularities in the generation of the gas, and the error of 
applying an inflexible scale to a series of ever varying 
quantities. 

The possibility of regulating the admission of air by 
mechanical means^ was the object of numerous efforts. The 
aid of tlie first mechanical and chemical authorities was 
directed to ascertain whether any, and what degree of ad¬ 
justment was practicable or advisable. After much inves¬ 
tigation it was found, that under the varying circumstances 
of land and marine boilers—of quick and slow combustion 
—of large and small furnaces—of the irregularities of the 
draught, which often varied, even in the several furnaces of 
the same boiler : looking also to the various modes of firing, 
and the uncertain qualities of the fuel employed; all these 
render the theory of regulating the admission of tlie air, 
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as each eha/rge jgroceeded^ not only impracticable, but even 
injurious. 

In tbe report made to tbe Dublin Steam Company, in 
1842, by Mr. Josiab Parkes (tbe Patentee of tbe Spbt- 
bridge), an engineer well qualified for sucb an inquiry, be 
observes: “ During tbe above-named experiments, I made 
numerous essays of tbe effect produced by shutting off tbe 
admission of air to tbe gases, after tbe visille inflammable 
gases bad ceased to come over, and when tbe fuel on tbe 
grate was clear and incandescent. In such eases I always 
found the entire stopjyage of air to he followed hy diminished 
heat in the flues and hy diminished evaporation ; for at these 
times, carhonic oxide continued to be formed; a gas wbicb, 
tbougb colourless, was converted, by a due mixture of tbe 
atmospheric air, into flame, possessing, evidently, a bigb 
intensity of beat, and producing mucb useful effect. Tbe 
calorific value of tbis gas is lost when the air is excluded, 
altbougb its non-combustion is not attended with tbe pro¬ 
duction of visible smoke.” 

During these investigations it was ascertained, that tlie 
appearance or non-appearance of visible smo/ce was no test, 
either for or against tbe admission of air— as to guantity, 
Mr. Parkes on tbis bead observes: Tbe consequences of 
regulating and varying tbe quantity of air admitted so as to 
suit tbe varying state of tbe furnace, as regards tbe quantity 
of gas given off, also occupied my close attention. It is 
quite certain that, to effect tbe perfect combustion of all 
tbe combustible gases produced in a furnace, a large demand 
for air (distinct from tbe air entering tbe grate) always 
exists: also, that by entirely excluding air, smoke is pro¬ 
duced, and tbe beat diminished in all states of the fire. 
Thus, with correctly assigned proportions once ascertained, 
no attention is required on tbe part of tbe fireman in regu¬ 
lating tbe admission of air. On looking through the sight 
boles, it was manifest, that, as a stream of either carburetted 
hydrogen, or carbonic oxide gas, was at all times generated 
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and passing over; so tliere was necessarily a corresponding 
demand for air; and when supplied, a continuous stream of 
visible flame.” 

This is conclusive on the point of regulating the supply 
of air, or shutting it off at any period of a change. 

In addition to this inquiry, Sir Bobert Kane (one of the 
highest chemical authorities of the day), was also engaged, 
and made an elaborate investigation and report on the 
subject. 

Eeport to the Eirectoes op the City op Evblin Steam-Packet 
Company. 

Centlemen,—In accordance with your request, that we should proceed to 
examine into the construction and performance of the Marine Boiler 
Furnaces erected at your works in Liverpool, upon the principle of the 
patent of Mr. Williams, we havq to report, that we have carefully in¬ 
spected the operation of these furnaces in their several parts, and also 
some others constructed in a similar manner, upon a large working scale, 
which are now in actual use in various parts of the town ; and that we 
have instituted several series of experiments and observations upon the 
temperature produced by those furnaces, and the manner in which the fuel 
is consumed in them. 

In deducing.from those experiments and observations the conclusions 
which will be found embodied in this report, we have taken into careful 
consideration the general chemical principles upon which combustion must 
be carried on, so as to effect the greatest economy of heat and fuel; and we 
have examined how far those principles are attended to in the construc¬ 
tion of the various kinds of furnaces that have been lu-ox^osed for prac¬ 
tical use. 

The conclusion to which we have arrived, and which we believe to be 
established by very decisive evidence, as well of a practical as of a theore-' 
tical kind, may be briefly expressed as follows : 

1st. That, in the combustion of coals, a large quantity of gaseous and 
inflammable material is given out, which, in furnaces of the ordinary con¬ 
struction, is, in great measure, lost for heating purposes, and gives rise to 
the great body of smoke which, in manufacturing towns, produces much 
inconvenience. 

2nd. That the proportion which the gaseous and volatile portion of the 
fuel bears to that which is fixed, and capable of complete combustion on a 
common furnace grate, may be considered as one-fourth^ in the case of 
ordinary coal. 
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3rd. Th^t tlie air for the combustion of this gaseous combustible material 
cannot, with advantage, be introduced either through the interstices of the 
fire bars, or the door by opening it. In the former case, the air is 
deprived of its oxygen by passing through the solid fuel, and then only 
helps to carry off the combustible gases before they can be burned; and, in 
the latter case, the air which would enter, by reason of its proportionate 
mass, would produce a cooling influence, and cannot conveniently be mixed 
so as properly to support the combustion of the gases. 

4th. That the combustion of the gaseous materials of the fuel is best 
accomplished by introducing, through a number of thin or small orifices, 
the necessary supply of air, so that it may enter m a divided form and 
ra’pidlyTOiis. with the heated gases in such proportions as to effect their com¬ 
plete combustion. 

5th. That, in burning coXjc, or when coal has been burned down to a* 
dear red fire, although the combustion on the grate may appear to be per¬ 
fect, and little or no flame maybe produced, and no smoke whatever made, 
there may "be a great amount of useful heat lost^ owing to the formation of 
carbonic ooddcj which, not finding a fresh supply of air at a proper place, 
necessarily passes off unburned. 

6th. That under the common arrangements of boiler furnaces, where 
there is intense combustion on the fire-grate^ and but little in the fiues^ the 
differences of temperature in and around the various parts of the boiler are 
greater; and, consequently, the boiler is most subject to the results of 
unequal temperatures. On the other hand, when the process of combustion 
is spread through the flues, as well as over the fire-grate, the temperature 
remains most uniform throughout, and the boiler and its settings must be 
least liable to injury. 

7th. That the heat produced by the combustion of the inflammable 
gases and vapours from the fuel, in flues or chambers* behind the 
bridge, must be considerable, and can be advantageously applied to 
boilers, the length of which may be commensurate with that of the 
heated flues. 

In further substantiation of these conclusions, we will describe tbe 
results of our experiments made with the marine boilers fitted up with 
air-apertures on Mr. "Williams’s plan, in order to determine how far, in 
practice, the scientific principles of combustion may be economically carried 
out. 


EXPERIMENTS "WITH COAL. 

Experiment 1. 

"When the fire was charged with cou?, and air admitted only in the 
ordinary way, (the passage to the air-distributors being closed,) the entire 
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interior of tlie flues was filled witli a dense Uach smoker wHcfi poured out 
from tlie orifice of tlie chimney in great quantity, and as observed through 
the sight-holes. The mean temperature of the flues in this experiment being 
found to be 650°, 

Experiment 2. 

The furnace being charged in the same manner with coal, and the supply 
of air by the dividing apparatus fully let on, the smoke instantly dis¬ 
appeared. Nothing visible passed from the chimney. The flues became 
filled with a clear yellow flame, which wound round at a maximum 
distance of thirty feet, and the mean temperature at the turn of the flue 
was found to be 1211°. 

Hence, the quantity of heat conveyed to the water through the flues, was 
nearly doubled by introducing the air in this divided manner ; and, whilst 
the fuel remained the same, the combustion wms rendered perfect, and no 
smoke produced. 

Experiment 3. 

The furnace being charged with coal exactly as before, the passage to 
the air-apertures was one-half closed. A grey smoke issued from the 
chimney. The flues were occupied by a lurid flame, occasionally, of 
nearly forty feet in length; the mean temperature of the flues being found 
to be 985®. 

Thus, with half the supply of air, a mean condition was obtained 
between the dense black smoke and imperfect combustion of the first 
experiment, and the vivid combustion and perfect absence of smoke of the 
second. 


EXPERIMENTS WITH COKE. 

Having thus tested the circumstances of the comhustion of coaly under 
different conditions of the furnace, we next proceeded to ascerbain the exact 
circumstances of the combustion of colce. 

Experiment 4. 

The furnace being fully charged with coTcBy (from the G-as Works,) and 
the air-aperh(> 7 'e closed, so that it burned as in an ordinary furnace, the 
flues were dark, but a bluish-yellow flame extended under the boiler to the 
back, a space of ten feet. The mean temperature of the flue was then 
found to be 702°, 

The coaly under the same circumstances, having given a mean tempera¬ 
ture of 650°, a difference of 52° heating power was thus shown in favour of 
cokcy and which agrees with results obtained by others with furnaces of the 
ordinary construction. 
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Experiment 5. 

The furnace "being again, charged with coke, the air-aperture was opened 
one-half. The flues then became occupied with a flame of various tints,— 
blue, yellow, and rose-coloured,—^produced by the combustion of carbonic- 
oxide and various other gaseous products. This flame extended through 
twentv'five feet. The mean temperature of the flue was then found to be 
1010 ". 

Thus, even with coke, the increase of available heating power, produced 
by the admission of air on Mr. Williams’s plan, was found to be 300°, or 
three-tenths of the entire. 


Experiment 6. 

The furnace being again charged with coke, and the air-aperture fully 
oyenedj the flame in the flue shortened to about fifteen feet, and the mean 
temperature of the flue became 852°. 

Hence it appeared, that there had been a larger quantity of air admitted 
in this last case than was necessary for the combustion of the gases from 
the cohe ; and hence a cooling effect had been produced, such as to neutralise 
one half of the advantage which would have otherwise been gained. 

It results from these experiments,— 

1st. That the air-aperture of the furnace was sufficient for the proper 
combustion of coalSj but was one-half too large for coJce. 

2nd. That by the use of the air-apertures, in the case of coals, all smoke 
ia prevented, and the useful effect of the fuel much increased. 

3rd. That, even when coJce is used, the heating effect is also much 
increased by the admission of air by apertures behind or at the bridge ; 
but it required only one-half of the air which is necessary for coal. 
If, however, it be supplied with the quantity best adapted for coal, 
one-half of the advantage is again lost by the cooling power of this 
excess of air. 

4th. Since, in all ordinary cases of practice, fresh fuel is added in 
moderate quantities, at short intervals of time, it was not found necessary 
to alter the rate of admission of the air by valves or other mechanism. 
A uniform current, admitting a quantity of air intermediate to that neces¬ 
sary for coal alone, will abundantly suffice for the perfect combustion of 
the fuel, and need not require any extra attention on the part of the 
workmen. 

In conclusion, we have to state as our opinion, that the aii’angement of 
furnace and admission of distributed air on Mr. Williams’s plan, fulfils the 
conditions of complete combustion in the highest degree, as far as is com¬ 
patible with the varieties which exist in the construction of boilers, the 
peculiar character of the coal employed, and the nature of the draught; the 
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formation of smoke is prevented ; and tlie economy of fuel -we cannot 
consider as being less than an average of one-fifth of the entire in the 
case of coJce, and of one-third of the entire when coal is used. 

We are, Gentlemen, 

Your obedient Servants, 

ROBERT KANE, M.E., M.R.I.A., 

JProfessoT of Natural Philosophy to the Royal Dttbliy Society, an^ 
Professor of Chemistry to the Ap^othecaries^ Nall of Ireland. 

R. H. BRETT, Ph.I)., F.L.S., 
Professor of Chemistry to the Liverpool Collegiate Institution. 

The inference from these chemical investigations is, that 
there is no interval from the beginning to the end of a charge, 
when there is not a large body of combustible gas ge^ierated 
in the furnace, and a large supply of atmospheric air 
required. 

The advocates of self-acting valves have overlooked the 
ckemical fact, that as soon as the coal gas (carburetted 
lijdrogen) ceases to be evolved, the fuel on the bars tvould 
then be in an incandescent state, and precisely in the con¬ 
dition to furnish a copious generation of the other gas—the 
cohe-gas, or carbonic oxide; but which had not hitherto been 
noticed by any writer in connection with boiler furnaces 
ITow, as this latter gas requires (for equal volumes) one-half 
the quantity of air of the former, it is equally necessary that 
such be supplied, or the heating power of carbon would be 
lost.f The characteristics of this gas have already been 
given. Its practical application requires here to be noticed. 

* “ Carbonic oxide,” observes Professor Grabam, “ maybe obtained by 
transmitting carbonic acid over I'cd liot charcoal. The comhustion is often 
witnessed in a coke or charcoal fire. The carhonic acid prodiiced in tlie 
lower part of the fire is converted into carbonic oxide as it passes up 
through the red hot embers. ” 

Mr. Dewrance, Engineer of the Liverpool and Manchester Railway, when 
that fact was pointed out, felt the importance of allowing a large quantity 
of air to enter through the door, by numerous orifices, and experienced the 
increased heating powers arising from the combustion of the coke gas in the 
furnaces of his locomotives. 

E 2 
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Por Obtaining the supposed advantages of regulating the 
admission of the air by mechanical agency^ many ingenious 
contrivances have been suggested. Among these the fol¬ 
lowing was tested many years hack by the Dublin Steam 
Company: In the diagram, Pig. 36, a is the orifice for the 


Fig. 36. 



admission of the air; h the valve; c the cistern with ball to 
regulate the fall of the valve j e the supply cistern; f the 
tap for letting off the water; g the tap for regulating the 
rate at which the valve descends. During the first half of 
a twenty minutes’ charge, the valve has no operation, the 
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aperture remaining o^oen, tlie full supply of air being then 
required. During the next five minutes it gradually closes, 
and during the last five minutes remains closed, to counteract 
the neglect of firemen in allowing too much air to enter 
through the uncovered bars at the end of each charge. 
Simple as this plan was, it became unnecessary, and was 
finally discarded. 

As some notoriety has lately been given to the plan 
patented by Mr. Prideaux, it may here be expected that it 
should receive examination. Mr. Prideaux very justly ob¬ 
serves : ^ ‘‘ Only two methods present themselves by which 
the supply of air and the wants of the furnace can be made 
to correspond—either both must be made constant and 
regular, or the fluctuations of one must be made to coincide 
with those of the other.” Again, ‘‘If a continuous and 
equable supply is to be furnished to a furnace, then the 
supply of fuel must be made continuous also. This appears 
to be the most perfect method of working a furnace, and it 
is to accomplish this object that most of the attempts to 
prevent smoke, and obtain perfect combustion, have been 
directed. Brunton’s revolving grate, Jukes’ endless chain 
of fire-bars, and more than one kind of rotary feeder, all 
fulfil, with tolerable efficiency, the purposes for which they 
were designed.” 

With these just and appropriate remarks Mr. Prideaux 
introduces his own plan of “ A self-closing valve for prevent¬ 
ing smolce and economising the fuel,” and by which to cause 
“ the fluctuations hetween supply and demand to coincided 
He then describes the action of his valve as follows : “ The 
stoker when he closes the furnace door after firing, will raise 
the arm of a lever appended to it: this movement throws 
wide open a sliding valve in the face of the door, which 
immediately commences closing, slowly and automatically, by 
the gravity of the lever, and affords during the progress of 

* ‘‘^Rudimentary Treatise on Fuel, particularly with reference to 
Reverheratory Furnaces, by T. Symes Prideaux, Esq. John Weale.’* 
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its descent, a gradually diminishing supply of air to the fire^ 
in harmony loith the gradually diminishing reguirements of 
the fuelJ^ 

By what means this hitherto undiscovered phenomenon 
of the gradually diminishing requireonents of the fuel during 
the first half of each charge was ascertained, is not stated. 
Now, however plausible this theory may be, it is at once 
disproved by experiment —the ^‘ivants of the furnace^^ being 
in direct contradiction to the alleged gradually diminishing 
requirements of the fuel.’^ In truth, experiment proves, 
that “to cause the fluctuations between the su^yly and 
demcmd to coincidef the arrangements of the valve should 
have been just the reverse of what is here described as 
taking place, and should rather require a gradually increasing 
(instead of diminishing) supply of air to the fire, in harmony 
with the gradually increasing (instead of diminishing) re¬ 
quirements of the fuel. 

By the operation of closing the valves, the act of dimi¬ 
nishing the supply of air begins on a fresh charge of coal 
being made, and it is entirely closed when one-half the time 
required for the charge has expired; thus necessarily re-- 
maining shut during the second half—on the supposition that 
there was no gas then generated^ and no further supply of 
air necessary 

* As tMs operation of the valve is so directly opposed to the true 
requirements of the fuel, the patentee’s own description of it is here 
given:—■ 

To give an illustration of its mode of action : Supposing a fresh 
supply of coal to be put on a furnace every 16 minutes—the smoke (mean¬ 
ing gas) consequent upon coaling, to come gradually to an end at the ex- 
jpiration of eight minutes —and that immediately after coaling, the fuimace 
requires at the rate of 100 measm^es of air per minute (admitted above the 
fuel), to furnish the requisite amount of oxygen to prevent smoke. 

“ For such a furnace as the above, this valve is adjusted so as to furnish 
at the rate of 100 measures of air per minute when wide open, and to 
gradually close at the end of eight minutes, l^’ow, as the operation of 
closing occupies eight minutes, at four minutes- after coaling the valve is 
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It is here manifest that the error into which Mr. Prideanx 
has-fallen, has arisen from assuming, theoretically, that the 
generation of gas (which he inadvertantly calls smoTce) would 
come gradually to an end at the expiration of eight minutes f 
from, a charge which would take sixteen minutes for its 
completion. If, indeed, that really were the case, then this 
action of his valve gradually closing at the end of eight 
minutes,” would produce perfect harmony between the 
supply of air and the requirements of the fuel.” 

The Eeports abeady given by Sir Eobert Kane and Dr. 
Brett, Mr. Parkes, Mr. Houldsworth, and Mr. Pairbairn, 
being all in direct disproof of the above, render any further 
remark here unnecessary, except to notice the important 
difference thus established between theory and practice ; 
and the absolute necessity of proof—^not by the fallacious 
test of the appearance or non-appearance of smoke, but by 
ascertaining the temperature in the flue, by the pyrometer, 
from the beginning to the end of a charge—and the length, 
character, and colour of the flame, by actual observation. 

Mr. Prideaux proceeds : “ The door of the furnace should 
be double, and the air should pass into the furnace through 
a series of perforations P By this arrangement, he observes, 
three important points are secured: 1st, the heating the 
ab; 2ndly, the keeping the outer door of the furnace com¬ 
paratively cool; Srdly, its subdivision into minute jetsP 
A few words on each of these three points will here 
suffice. 1st, Of “ heating the airP As Mr. Prideaux takes 
in the air, as all others do, at mere atmospheric temperature, 
his claim for heating the air” goes for nothing. Whatever 
heat it acquires (and which has been ascertained to be wholly 

lialf shut, conseq.ueiitly admitting at the rate of only fifty measures of air 
per minute, and the whole amount of air admitted in the eight minutes 
during which the valve is open, will he 400 measures ; and this quantity^ 
supplied in a gradually diminishing manner, in harmony with the gradu¬ 
ally diminkhing reguivements of the fuel, is found sufficient to prevent all 
smoke.” 
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insignificant) can alone be obtained by passing tbrougb tfie 
perforations in the door plate,.as it does in tbe numerous 
plans hereafter described. [Mr. Prideaux’s own authority 
will hereafter be quoted in proof of the fallacy of the hot-air 
theory.] 

2ndly, As to “ Iceejping the oilier door of the furnace com-- 
faratively coolP This is too unimportant a circumstance 
to require further notice. 

Srdly, As to passing the air “ through a series of perfora¬ 
tions^ a/nd its subdivision into minute jets f it is only 
necessary to add, that it is a satisfactory illustration of the 
principle of the Argand furnace, and of the correct'practice 
enforced in every page of this treatise. Mr. Prideaux has, 
however, omitted to state that fact, or to disclaim any merit 
or originality in this, the only useful part of his patent for 
^^the preventing of smoke and economising the fuelP 

Impressed with the importance of the small-jet system^ 
Mr. Prideaux further adds: “ An attempt is often made to 
mitigate the smoke and imperfect combustion, by leaving 
the furnace door ajar for a certain period after the addition 
of fresh fuel.’’ To this he correctly objects, on the ground 
that the air then enters en massef instead of “ m small 
jets^^ Numerous other illustrations might here be given as 
to the efficiency of the ^^subdivision into minute jets^ Mr. 
Prideaux’s evidence in corroboration is, however, important, 
although it lays him open to the charge of assuming to be 
the inventor, or original patentee, of what had long been so 
well established.'^ 


"" It is here scarcely necessary to say, that had this plan, with this 
description by the patentee himself, been brought out twelve months 
earlier, that is, before the expiration of the patent for the Argand furnace, 
it conld not have stood the test of a jury, so identical is the application and 
description : “The series of perforations, and the subdivision of the air 
into minute jetsf being equally applicable to both patents, and conveying, 
in the most appropriate terms, the very principle and mode of applying the 
Argand furnace. In fact, the accurate description given l)y Dr. Tire, (who 
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With reference to the progressive rate of generation of 
the gas in a furnace, and the consequent demand for atmo¬ 
spheric air, the length of the flame (when the air is properly 
supplied) furnishes the best evidence. The following tabular 
view of the result of numerous accurate experiments, made 
many years back, and expressly to ascertain^ the rate of 
evolution of the gases, throughout a charge of 40 minutes’ 
duration, is conclusive:— 


Time. 

Charge made 



Thermometric 
Temperature in Flues. 

466 

Length of 
Flame in. Feet. 

10 

2 

minutes 




462 

14 

4 

j 5 




490 

18 

6 

J 




508 

22 

8 

9 




518 

26 

10 

9 9 




524 

26 

12 

j i 




528 

28 

14 

99 




534 

2$ 

16 

9 9 




540 

28 

18 

9 9 




540 

28 

20 

9 9 




540 

26 

22 

99 

> » 




536 

24 

24 




524 

24 

26 

) y 




508 

22 

28 

99 




494 

22 

30 

99 

99 




486 

18 

32 




476 

22 

34 

9 9 




468 

14 

36 

9 9 




464 

14 

38 

99 




460 

12 

40 

39 




460 

10* 


Liinself settled the terms of the specification,) furnishes condmivc evidence 
of the identity of the two plans. Dr. Ure (Dictionary of Arts) observes: 
‘ ‘ The patent of 1839 consists in the introduction of the air through a 
mmber of small orifices, the operation of the air entering in small jets 
into the half-burned hydro-carburetted gases over the fires, is their perfect 
oxygenation.” ‘‘Again, one of the many methods in which Mr. Williams 
has carried out the prineixfies of what he justly calls his Argand furnace, 
is represented in the figure ” (which he gives). “ The box is, perforcuted 
either with round or oblong orifices'^ kc. “In some cases the fire-door 
projects, with an intermediate space, into which tlie air may be admitted, 
in regulated quantity, through a moveable valve in the doord^ 

* The thermometer bulb was here inserted iu the flue, so far as to prevent 

K 3 
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We here see, that so far from the quantity of gas generated 
'bemg greatest at firsts and ceasing when the charge was one- 
half exhausted, it is just the reverse. In fact, any one who 
has observed the indications of the pyrometer in the flue, 
and has looked into a furnace in action, must have observed, 
that, there Being much moisture in the coal to be evaporated, 
it required a considerable time before the full supply of gas 
was being generated, and the temperature in the flue had 
risen to the maximum, further, that when the flrst half of 
the charge was exhausted, the greatest quantity of gas was 
then momentarily evolved—the longest flame existing in the 
flue—and the highest temperature indicated by the pyro¬ 
meter; consequently, the fullest supply of air was then 
required. 

The following experiment is also in point here: This was 
made with a larger charge of coal, and during 60 minutes 
(the bars being kept well covered), the object being to 
ascertain the relative quantity of each hind, of gas evolved; 
and thus form a guide to the quantity of air required, at the 
several intervals, from the beginniog to the end of a charge. 
[The observations were taken from two sight-apertures: one 
at the back end of the boiler, and the other at the front, 
looking into the flue.] When the supply of carburetted 
hydrogen gas was nearly exhausted, the distinct flames, and 
their two distinct colours and characteristics, might clearly 
be distinguished. The following Table will present a view 
of the relative quantities of the two gases (carbonic acid 
and carbonic oxide, or coke gas) produced during the 
progress:— 

the mercury rising above 600°—the highest range we see being 540°—when 
the charge was half expended. The absolute heat in the flue was, however, 
considerably higher, as ascertained by the melting points of a series of 
metallic alloys, prepared by Sir Hobert Kane, expressly for the purpose. 
By these, inserted in the flue, it was found that the absolute heat escaping. 
at the foot of the funnel, was at least 750°. 


i 
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Time in minutes. 

Coal Gas. 

Coke Gas. 

Total length of 
Flame in feet. 

Charge of coal . 

. none . 

. . 10 . 

. . 10 

5 minutes . . 

. 10 . 

. . none . 

. . 10 

10 

}> 

. 14 . 

, . none . 

. . 14 

15 

3> • * 

. 18 . 

. . none . 

. . 18 

20 

)) 

. 22 . 

. . none . 

. . 22 

25 

3 J • ■ 

22 . 

. . none . 

. . 22 

30 

33 • * 

. 18 . 

. . none . 

. . 18 

35 

33 * • 

. 14 . 

. . none . 

. . 14 

40 

33 

. 10 . 

4 . 

. . 14 

45 

33 • • 

5 . 

• . 8 . 

. . 13 

50 

35 • • 

. none . 

. . 12 . 

. . 12 

55 

33 • * 

. none . 

. . 10 . 

. . 10 

60 

33 • 

. none . 

. . 10 . 

. . 10 


Here colnmn 4 may be taken as indicating tbe gross 
quantities of combustible gases evolved, and requiring a 
supply of air. In numerous other furnaces, in which the 
air was properly introduced, and the fuel properly covering 
the bars, the flame v^as seen during a large portion of an 
hour’s charge, extending along the side fLues from twenty to 
thirty feet. The quantity of the coJke gas will be in propor¬ 
tion to the thickness or body of the fuel, and its state of 
incandescence. 

With the view of accommodating the supply of fuel to 
the demand for air, the best practical mode is the equalising 
of the quantity of gas requiring such sug)ply. This was done 
effectually thirty years back, by arranging the furnaces so 
that each pair shall be connected with one common flue. 
This arrangement, for alternate firing, adopted among 
others in the steamer “ 'Royal William ” (as hereafter 
shown), is every way satisfactory. A similar arrangement 
has been introduced in Her Majesty’s Steamers Hermesf 
“ Spitfiref and Rireflyf as described in Tredgold’s work; 
nothing, however, is there shown as to the means for intro¬ 
ducing the air, and, consequently, the value of this flue 
arrangement is lost. 

Tig. 37, taken from Peclet’s work, shows a similar mode 













84 


THE COMBUSTION OE COAL 


adopted in Erance, for equalising tlie supply and demand of 
gas and air. It will "be manifest that, assuming the fur¬ 
naces to be charged alternately, the quantity of gas behind 
the bridge will be the mean of that generated in both 
furnaces. 


Fig. 37. 



Another and a very effectual mode of equalising the 
supply of gas, and thus practically equalising the supply of 
air, is by charging the furnace-grate alternately, first on the 
one side^ and then on the other. Where the furnace is wide 
enough, this is very effective. 

The result of this inquiry into the policy of attempting, 
by mechanical means, to regulate the rate of supply of air to 
the gas during the continuance of each charge is, that it can 
be productive of no practical value; and the more so, since, 
as observed by Mr. Parkes, that “ as a stream of either car- 
huretted hydrogen, or carlonic oxide gas will, at times, be 
generated, and passing over, there must necessarily be a 
corresponding demand for air.” 

In the report to the British Association, on this very 
point, Mr. Houldsworth observes : “ It has been generally 
supposed, that when there was a perfectly red fire in the 
furnace, and when no smoke was generated, the admission 
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of cold air at tlie bridge would do barm instead of good, by 
reducing tbe temperature in tbe flues. He bad, however, 
tried tbe experiment that morning. After having the air- 
passages closed for some time, he had opened them when 
the coals in the fire were perfectly charred^ and found an 
immediate and decided increase of temperature in the flue. 

'' The increasing temperature was certainly the most striking, 
if the air-passages were opened shortly after a large quantity 
of fresh fuel had been put on ; but, at all times he found 
there was an increase when the air was admitted^ and a 
decrease when it was excluded. 

Practical proof of this kind at once puts an end to the 
theory of self-regulating valves. 


CHAPTER VI. 

OE THE PLACE MOST SUITABLE BOB INTBODUCrNO THE 
AIB TO THE G-AS IK A EURKACE. 

Having spoken of the necessity of mechanical aid in pro¬ 
ducing a sufficiently rapid admixture of the air and the gas, 
we have now to consider of the place best adapted for 
applying this aid. 

As regards the carbon on the bars, it is manifest that no 
other place could be selected than directly from the ash-pit. 
That this is not available for introducing the air to the 
gaseous product of the coal, has now to be considered. 

Tredgold contemplated introducing the entire supply of 
air through the ash-pit and bars, observing that, the gas 
which distils from the fresh fuel having to pass over the red- 
hot embers, through which the air in the ash-pit ascends, 
will be inflamed.” Here we have the old error, viz., sup¬ 
posing that passing the gas over red-hot fuel would effect its 
combustion. 

The plan adopted by Mr. Parkes of introducing the air 
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through what is called the sj^lit hridge, as hereafter shown, 
appears to have been among the first which recognised the 
proYiding a separate supply of air to the furnace gases, 
independently of that which passed through the fuel on the 
bars. 

This plan was sufficiently efiectiYe, when combined with 
the system of small furnaces, with small charges of coal; or 
large furnaces when charged heavily, with sufficient fuel for 
many hours’ consumption, producing a uniform generation 
of gas during a long interval, and by the means of slow 
combustion. The issue of the air through the narrow 
orifice in the top of the bridge, was, however, found to be 
unsuited to the large furnaces, with quick combustion and 
heavy charges incidental to the boilers used in steam- 
vessels. It was also liable to be occasionally obstructed by 
the stronger current of heated products crossing the aper¬ 
ture, in the same way as the ascent of smoke from a house- 
chimney is obstructed by a strong wind sweeping across it. 
ISTumerous modifications of this plan were adopted in steam- 
vessels, the most important of which will hereafter be given, 
with the view of explaining the several causes of their 
failure, and which it is often as important to know as those 
of success. 

"When the chemistry of combustion in furnaces was ex¬ 
amined in 1841, it was shown that the required quantity of 
air was much greater than had been contemplated by prac¬ 
tical men, or stated by any writer on the subject; and that 
no single orifice could be sufficient for the admission of that 
quantity, unless by introducing it in such volume as would 
produce a chilling effect on the flame, and a diminished 
amount of evaporative duty—a fact strangely overlooked in 
all previous practice. 

The arrangement subsequently adopted in several vessels 
of the Dublin Steam Company admitted the air through 
numerous apertures, and in a divided state. This mode, 
which has been clearly described by Dr. Dre in his Die- 
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tionary of Arts tinder tlie liead of Smoke iN’uisance,” ^ was 
always effective when the draught was sufiS.cient for the 
double supply of air, to the fuel in the bars, and the gas in 

* Smoke Nuisance. Among tlie fifty several inventions wHcli have 
been patented for effecting this purpose, mtb regard to steam-boiler and 
other large furnaces, very few are sufficiently economical or effective. The 
first person who investigated this subject in a truly philosophical manner 
was Mr. Charles Wye WiUiams, managing director of the Dublin and 
Liverpool Steam Navigation Company, and he has also had the merit of 
constructing many furnaces, both for marine and land steam-engines, which 
thoroughly prevent the production of smoke, with increased energy of com¬ 
bustion, and a more or less considerable saving of fuel, according to the 
care of the stoker. The specific invention, for which he obtained a patent 
in 1839, consists in the introduction of a proper quantity of atmospheric 
air to the bridges and flame-beds of the furnaces through a great number of 


Fig. 38. 



small orifices, connected with a common pipe or canal, whose area can be 
increased or diminished, according as the circumstances of complete com¬ 
bustion may require, by means of an external valve. The operation of air 
thus entering m s'mall jets into the half-burned hydro-carburetted gases 
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the furnace chamher. The difference which attends its ap¬ 
plication was often considerable, and arose from the want of 

over thefireSj and in the first flue, is tlieir perfect oxygenation—the develop¬ 
ment of all the heat which that can produce, and the entire prevention of 
smoke. One of the many ingenious methods in which Mr. Williams has 
carried out the principles of what he justly calls his Argand furnace, is 
represented at fig. 38, where a is the ash-pit of a steam-boiler furnace; 
5 is the mouth of a tube which admits the external air into the chamber, 
or iron box of distribution c, placing immediately beyond the fire-bridge 
g, and before the diffusion, or mixing chamber/. The front box jperfo- 
rated either with round or oblong orifices, as shown in the two small 
figures e e beneath ; d is the fire-door, which may have its fire-brick lining 
also perforated. In some cases the fire-door projects in front, and it, as 
well as the sides and arched top of the fire-place, are constructed of perfo¬ 
rated fire-tiles, enclosed in common brickwork, with an intermediate space, 
into which the air may be admitted in regulated quantity through a move- 
able valve in the door. I have seen a fire-place of this latter construction 
performing admirably, without smoke, with an economy of one-seventh of 
the coals formerly consumed in producing a like amount of steam from an 
ordinary furnace. Very ample evidence was presented, in a late session, to 
the Smoke Prevention Committee of the House of Commons (July 1843) of 
the successful application of Mr. Williams’s patent invention to many 
furnaces of the largest dimensions, more especially by Mr. Henry Houlds- 
worth, of Manchester, who, mounting in the first ff ue a pyrometrical rod, 
which acted on an external dial-index, succeeded in observing every varia¬ 
tion of temperature produced by varying the introduction of the air-jets 
into the massi of ignited gases passing out of the furnace. He thereby de¬ 
monstrated that 20 per cent, more heat could be easily obtained from the 
fuel when Mr. Williams’s plan was in operation, than when the fire was 
left to burn in the usual way, and with the production of the usual 
volumes of smoke. It is to he hoj^ed that a laio loill he enacted in the pre¬ 
sent session of Parliament, for the supp'ession, or at least ahatement, 
of this nuisance, which so grejitly disfigures and pollutes many parts of 
London, as well as all our manufacturing towns, while it acts injuriously 
on animal and vegetable life. Much praise is due to Mr. Williams for bis 
indefatigable and disinterested labours in this difficult enterprise, and for 
bis forbearance under much unmerited obloquy from narrow-minded preju¬ 
dice and indocile ignorance.” 

It is here worthy of notice, that although the above was written and 
published by Hr. Ure so many years back, it is now only in 1854 tliat Par¬ 
liament have interposed in the manner there suggested. 
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drauglit, or from the perverse adherence to the old and lazy 
method of charging the front half of the furnaces heavily, 
even to the doors, while leaving much of the bridge end but 
thinly covered, as hereafter will be shown. Such a mode of 
charging the furnaces necessarily caused an irregular com¬ 
bustion of the fuel, and a consequent excessive admission of 
air, counteracting all effects at appropriating separate sup¬ 
plies to the coke and the gas. 

The introducing of the air to land boilers, in numerous 
films, or divided portions, was first practically adopted in 
1841, at numerous furnaces in Manchester, and at the 
water-works in Liverpool, and at the stationary engine 
of the Liverpool and Manchester Eailway, under the 
direction of the engineer, Mr. John Lewrance. That at the 
water-works, with a shaft of 150 feet high, had previously 
caused an intolerable nuisance; both, however, have since 
remained unnoticed and forgotten, even by the authorities 
in Liverpool, apparently from the mere circumstance of the 
nuisance having been effectually abated, and attention being 
no longer drawn to it. 

"With reference to the j^lace for the admission of the air, 
it is here stated, advisedly and after much experience, that 
it is a matter of peo'fect indifference as to effect^ in what jpart 
of the furnace or flue it is introduced, ^provided this all- 
important condition he attended to, namely, that the mecha¬ 
nical mixture of the air and gas he continuously effected, 
before the temjperature of the carbon of the gas {then in the 
state of flame) be reduced below that of ignition. This tem¬ 
perature, according to Sir Humphry Davy, should not be 
under 800^ Eahr., since, below that, flame cannot be pro¬ 
duced or sustained. This, in fact, is the basis of protection 
in the Miner’s Safety-Lamp. In practice, the air has been 
introduced at all yarts of the furnace, and with egually good 
effect. Its admission through a plate distributor, at the 
back of the bridge and at the door end, effected aU that 
could be desired. 
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The adoption during the last few years of the tubular 
system in marine boilers, is now to be noticed, inasmuch as 
it rendered a different arrangement absolutely necessary. 

The chief characteristic of the tubular boiler is the short¬ 
ness of the distance, or run, between the furnace and the 
tubes. The result is, the impossibility of eff’ecting the 
'triple duty of generating tbe gas, mixing it with the air, 
and completing the combustion within the few feet, and the 
fraction of a second of time, which are there available. To 
obtain the desired effect the air was then introduced at the 
door end of the furnace; thus, as it were, adding the length 
of the furnace to the length of the run. 

The main object being the introducing of the air in a 
divided state to the gaseous atmosphere of the furnace 
chamber, the following experiment was made: The centre 
bar of a boiler, four feet long, was taken out, and over the 
vacant space an iron plate was introduced, bent in the form 
al Bhown in Eig. 39. 

Here, the upper portion of the bent plate, projecting 


Fig. S9. 



three inches above the fuel, was punched with five rows of 
half-inch holes, through which the air issued in 56 streams* 
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xture was thus instantly obtained, as in the 
urner; the appearance as viewed through the 
it the end of the boilers, being even bril- 
f streams ofjlame^ instead of streams of air, had 
le numerous orifices. It is needless to add, 
could a cooling effect be produced, notwith** 
great volume of air so introduced, 
al view of the furnace, looked at from behind, 

, represents the character and diffusive action 

the enlarging of Fig- 40. . 

of the furnaces 
0 admit the re- 
er of apertures 
ply of air; an 
which has been 
successful opera- 
marine and land 

, the great diffi- 
iapting the plan 
Dilers, the door- 
ch are made so 
s to render it 
> introduce the 
her of half-inch orifices, as hereafter will be 

nining the respective merits of the plans here 
will be advisable to notice one of the causes- 
nt, and • from which many, though sound in 
e rendered inefficient in practice, 
into the Hues of land boilers, tlirough suib- 
ght-holes, when the furnace is in full acMon, 
liant sparks may be seen, carried through the 
at rapidity, to the distance of ten to twenty 
sir luminous character is lost, and they become 
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deposited in the tubes, or flues, or wherever eddies are 
formed. These sparks consist, chiefly, of particles of sand 
in a state of fusion. When these do not thus separate from 
.the coal, they fall on the bars, and, combining with the 
nshes, form clinkers. These particles of sand, flying off at 
a high temperature, adhere to whatever they touch; and, 
with the dust, and small particles of cinders or coke, carried 
onward by the current, fill up the orifices in the air-distri¬ 
butor boxes, and, if not removed, prevent the passage of the 
required quantity of air. 

It is now proposed to give instances of such of the modes 
of constructing furnaces as have been hitherto adopted, and 
which illustrate any principle, or peculiar mode of action, 
worthy of notice. 


CHAPTEE VII. 

OE TAEIOUS EUEKACE ABEAl^TGEMEKTS, WITH 
OBSEEVATIONS THEEEOH. 

The following remarks on the peculiarities of the several 
plans of furnaces here shown, are the results of practical 
observations extended over a series of years, and may here 
be useful, as indicating wbat should he avoided, as well as 
provided, respecting the admission of air :— 

Pig. 41 represents one of the modes first adopted, under 
the patent for the Argand furnace of 1839 ; introducing the 
air in numerous jets. This was applicable to land boilers, 
where ample space was afforded for the perforated tubes, 
made of fire-clay, or cast-iron; and was first adopted at the 
water-works in Liverpool. In this application the incon¬ 
venience arising from the sand and other matters in an 
incandescent state, adhering to, and closing the orifices, was 
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Pig. 42 represents tlie ordinary marine furnace. ]N’o pro¬ 
vision whatever is here made for the admission of air, 
except from the ash-pit, and through the bars, and fuel on 
them. It is needless to add, that, from the absence of air 
to the gas, a large volume of smoke must here necessarily 
be produced. 


Fig. 42. 



eight hours, with slow combustion. The generation of the 
gas being uniform, and the demand for air moderate, the 
supply through the narrow orifice in the bridge was sufii- 
cient. This plan has formed the basis of several re-imen- 
tions; the Patentees either not being aware of it, or not 
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acknowledging the source of the effect for wMc 
eredit. 

Fig. 44. 



Eig. 44. This adaptation of th 
boilers was early made, by the th 
Steam Company, to avoid the 
lower shelf of the air-orifice, 
the air was obstructed. The furna^.o ^ 
short intervals, and the combustion rapid, tne supply v. .. 
was insufficient. The aperture at the top of the bridge "v. 
liable to be choked with ashes and small coals, occasional! 
thrown over. 


Fig. 45. 



Pig. 45. This change was not found efibctive. The 
second opening for tlio admission of air, at the end of the 
bars, was quite irregular in its action, i: It was also found to 
interfere with the action in the split bridge; the air pre- 
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ferring, at certain states of the fuel, to enter bj the open 
space at the end of the bars, as the nearest and hottest 
course, whenever that place was uncovered. 


Fig. 46. 



I 


Pig. 46. This was adopted in a steamer of large power, 
and was intended to remedy the evil as stated in the last 
figure. The aperture being made larger, the air entered 
too much in a mass, and produced a cooling effect; and 
much fuel was also wasted by falling through into the 
ash-pit. This was subsequently altered to the plan here¬ 
after shown in Pig. 51; the bars being reduced from 7 feet 
6 inches, to 6 feet, and with good efiect. 


Fig. 47. 



Pig. 47. This arrangement remedied that of the pre¬ 
ceding, by saving the fuel thrown to the end; and which, 
falling on the small supplemental grate, was there con¬ 
sumed. In practice, however, it was less effective as to 
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generating steam, and irregular in its action, and was very 
destructiye of tlie bars. ^ 

Fig. 48. 









_^ 





Pig. 48. This plan, adopted in 1840, was one of the first 
applied to marine boilers, on the principle of the Argand 
umace, by which the air was made to enter in dimieA 
^PS'^tures in an eight-inch tube, from 
behind the boiler. This plan was fuUy effective so long as 
the perforations in the tube remained open. The smaU 
orifices each but a quarter of an inch, however, becoming 
covered, and closed by the sand and ashes, the supply of air 

was consequently diminished, and the tube became heated 
and destroyed. 


Fig. 49. 





Pig. 49. This plan, adopted in the steamer, the “ Leeds ” 
was very effective so long as the inclined plate and its 
numerous however, it also 
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became clogged, or covered with coal, tbrovii over during 
charging, it warped, and became injured. 


Fig. 50. 



Pig. 50. This alteration w'as made in the same boiler, to 
counteract the evil above-mentioned. The bars were 
shortened from 6 feet to 4 feet 6 inches. The air was 
here introduced through a plate pierced with half-inch 
holes. This was quite successful: ignition and combus¬ 
tion were complete; no smoke formed, and the diminished 
combustion of fuel was considerable. The box, however, 
set in the bridge, was too small, and therefore liable to 
become filled bj the ashes carried in bj the current from 
the ash-pit; and the stokers neglecting to keep the air- 
apertures free, there was no dependence on its action. 


Fig. 51. 



Pig. 51. This arrangement, which remedied the above 
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defects,- was adopted in the steamer, the “ I^rincess ” and 
also in the “ Oriental ” and Sindostan,'^ employed in the 
Mail service in the Mediterranean. Perfect combustion of 
the gas was effected, and, consequently, no formation of 
smoke. The numerous orifices are here removed from the 
direct action of the heat, or the liability to be choked. 
The regulating jalve, originally placed on the apertures, 
to regulate the supply, was, after a little experience, 
found to be unnecessary, and was removed. This plan 
has become, practically, the most effective, and, during the 
last ten years, has been adopted in numerous marine and 
land boilers. The cost of the air-box was under forty 
shillings. 
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tube laid on tbe bottom of the ash-pit, to avoid the current 
of dust, and to enable the air to enter in a cooler state. 
This was found effective as regarded combustion, but, being 
still exposed to the sand, dust, and heat, as already men¬ 
tioned, was subsequently altered to that of Fig. 51. 

Fig. 53. This was a tubular boiler, and is here shown as 
it came from the maker in 1846. It was quite ineffective, 
giving much smoke, the tubes also being liable to injury by 
the shortness of the run. The air-box in the bridge was 
soon filled with dust and ashes, as here shown. The grate- 
bar being 6 feet 10 inches long, the flame necessarily 
reached the tubes, doing much injury to the lower tiers. 
This was altered, as shown in Fig. 54. 

Fig. 54. 



Fig. 54. This is the same boiler, the furnace alteration 
being attended with considerable advantage. The bars were 
shortened from 6 feet 10 inches, to 5 feet 3 inches. The 
defect of the short run, and the limited time for combustion, 
incident to tubular boilers, was, however, irremediable. The 
change in the length of the bars alluded to, reduced the 
consumption of coal considerably ; smoke was, to a certain 
extent, avoided, and the amount of steam increased. In this 
boiler there Avere 205 tubes of 2'i-inch area. Engines 190 
horse-power. 
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Pig. 55. This was a large steamer of 350 horse-power, 
with tubular boilers. The plan of furnace here shown 
represents it as it came from the maker. Three lengths of 
bars, 2 feet 8 inches each, Jllled the entire space, leaving no 
room for the admission of air to the gas. The conse(][uence 
was, a great consumption of fuel; a great generation of 
smoke 5 and much inconvenience and expense, from the 
destruction of the tubes and face-plate. 


Fig. 56. 



Pig. 56. This is the same boiler. The bars having 
been shortened, the air-box was introduced into the bridge. 
PTotwithstanding the evils of the short run, the change here 
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made was satisfactory. The importance of keeping the 
air-passage free from obstruction was exemplified in this 
case. The air-box was introduced in the after-hoileo% leaving 
t\\e fore-1)oiler as shown in Pig. 55. During the voyage, in 
which 90 tons IS cwt. of coal were used in the latter, but 
81 tons 15 cwt. were used in the former. The engineer 
reported, that “ when the gases are properly consumed, the 
best effect is produced; good steam is obtained and less coal 
used.’’ 
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Pig. 57. This boiler also was tubular, 17 feet 2 incbes 
long. Engines 370 horse-power. It is here shown as it 
came from the maker. The grate-bars 9 feet; dead plate 9 
inches. The area for the admission of the air was quite in¬ 
adequate to the introduction of the necessary quantity. 
This boiler was. then altered as in Eig. 58. 



Eig. 58. This is the same large steamer as in last 
number: the air-box being introduced into the bridge ; 
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tlie result was a considerable diminution in the fuel used; 
a better command of steam, and freedom from the nuisance 
of smoke. 


Fig. 59. 



Eig. 59. This tubular boiler is here shown as it came from 
the maker ; grate-bars 9 feet 3 inches long, with dead-plate 
12 inches. No means for admission of the air to the gas. 
In this boiler the run to the end of the tubes being so short, 
the generation of steam depended, almost exclusively, on the 
grate-surface from ten furnaces. The consumption 
"ns very great, and the smoke very dense. Erom the 
of the boiler there was necessarily but little room 
^.^vement. It w^as altered as shown in next plan. 


Fig. 60. 
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tHe smohe was burned'^ It is needless here to dwell on the 
chemical error of such an assertion. The fallacy of imagin¬ 
ing that either gas or smoke, from a furnace, can he con¬ 
sumed by passing through, over, or among a body of 
incandescent fuel, as already shown, prevailed from the 
days of Watt to the present. jSTumerous patented plans to 
the same effect, might here be given, all having the same 
defect, and equally ineffective. 


Fig. 62. 



Tig, 62. This was one of the numerous hot-air expedients 
pressed upon public notice, under the illusion, that by heat¬ 
ing the air, ^Hhe smohe lootdd he burned.^'^ A large hollow 
fire-bar, A, was placed in the centre, or sides of the furnace, 
with a regulating door for the admission of the air. The 
Admiralty having been induced to allow this plan to be 
adopted in the Steam Packet, the Vrgent,^^ at Woolwich, 
the result was a total failure, and its consequent removal. 
The supposed heating of the air being a mere assertion, 
made for the purpose of giving an appearance of novelty, 
having been wholly without effect, the result was, that it 
reduced the so-called patent invention to that of Parkes’ 

* The ‘ ‘ Urgent, ” Captain Emerson, being then engaged in the Mail Service 
at Liverpool, this steamer came under my notice. For the purpose of testing 
the effects of this hollow-bar, I had an experiment made to ascertain the 
extent to which the air might be heated, and found no perceptible increase 
of heat could be obtained by it. 
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Split Bridge, with all its disadvantages when applied to 
marine-boilers and large furnaces- 


Fig, 63. 



Big. 63. This was another modification of the Split Bridge 
plan. Mr. West, in his published Eeport, on the methods 
submitted to the Public Meeting at Leeds, in 1842, described 
this in the following terms: “ It consists of a regulating 
valve, by which air is admitted into a passage through the 
bridge (the split bridge of Parkes’ expired patent,) for four 
hours after first firing. By this time the coal is coked, and 
the valve shut the remainder of the day.” It is manifest 
there is nothing in this plan beyond the split bridge, accom¬ 
panied with the mode of firing and slow continuous combus¬ 
tion applicable to it. 
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Pig. 64. This is but another modification of the split 
bridge, though announced as a plan for heating the air, by its 
passage through a body of hot brick-work. This plan, M. 
Peclet obseryes, was adopted in Prance, but abandoned. 
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Pig. G5. M. Peclet gives tliis as one of Chanter’s 
patents, which, was also tried and abandoned in Prance. 
It will be seen that this is but a modification of the former 
plans. 

Pig. 68. This is another of the so-called hot-air plans, 
although it is nothing but the split bridge with a supple¬ 
mental grate, as adopted by Chanter and others. The 
Patentee professes to have the air “ intensely heated,^'' by the 
handful of scoria, or cinders, which fall on the supplemental 
grate. This plan being much pressed on public attention, 
the Patentee’s own inflated description is here given, than 
which nothing can be more erroneous in a chemical point 
of view, or more unwarranted in practical effect.^' 

Pig. 67, page 110. This is another of the hot-air plans, 
as ^ven in Mr. West’s Summary. The air is here supposed 
to be heated by passing through the vertical tubes placed 
in the flue, and thence through the passage J, entering the 
'furnace by a single orifice, c. It is only necessary to observe, 
mat it would be impossible that one-fourth part of the 
/required quantity of air could there obtain access, unless by 

/ * “ It will be seen tliat tlie invention consists in the combination of two 

/ sets of fixed fire-bars, the first of which is chiefly fed by the scoria and 
cinders voided from the second or upper set of fire-bars, T^ith a calorific 
yylate, the face of which may be protected by a few fii'e-bricks ; by which 
arrangement, the current of air entering at the lower part of the furnace, 
^passes through two strata of fire, and thence between the calorific plate and 
the bridge, and is thus so intensely heated as cordmnously to produce the 
entire conihusiion of the gaseous products of the fuel, and to prevent the 
ordinary formation of smoke. It is, in effect, a double furnace, confined to 
the limits of, and economically applicable to any common description of 
furnace : has all the advantages of a hot Uctst u'ithout the cost of any pneu¬ 
matic apparatus ; is so contrived as uniformly to distribute and keep up 
the requisite heat in boilers of whatever form; and, whilst most effectu¬ 
ally preventing the annoyance of smoke, and the nsual deposit of soot in the 
flues, it causes an average saving of at least 20 per cent, in the quantity of 
fuel consumed, and also admits the substitution of the cheapest for that of 
a dearer quality, and of small instead of large coals, as further means of 
reducing the expense of consumption.” 
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It seems strange tliat these numerous advocates for the 
use of hot air, in ordinary boiler-furnaces, have given no 
information as to the degree of heat which they would give 
to the air, nor the means by which this heat would be 
imparted to it. They have made no experiment to test 
either: neither have they given any grounds for supposing 
that the air, when heated, would be more effective. 










rigs. 68 & 69, pp. Ill, 112. This plan, as in Eig. 68, with 
the sectional view, 69, is also taken from Mr. "West’s Sum¬ 
mary, and is' here introduced with the view of further 
pointing to the hot air, and “ smoke-burning” fallacy. The 
following is the description given by Mr. "West: The 
smoke, after having passed along the flues marked E, is 
intended to be caught by tbe fan IT, before reaching the 
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damper Gr, and, along witli a sufficient quantity of atmos¬ 
pheric air, is propelled along the return due I, into the 
enclosed ash-pit K, where it is again forced through the 
fire-grate C.’’ It is not necessary to add any comment on 
what is so wholly opposed to chemistry and nature. 

The plans of Brunton's revolving grate, Juices*s moving 
bars, or Stanleif s self-feeding apparatus, need not here be 
described.^'^ There is in these no pretension beyond what 
they can perforin; each acts the part intended, and, 
wherever there is room for their introduction, and that 
the uniform amount of heat produced by these means, falls 
in with the requirements of the steam engine, and the 
manufacturer, these will answer the desired purpose. 

"We must here observe that these plans are inapplicable 
to marine furnaces, or where large quantities of steam, and 
active and irregular firing are required. 

The simple operation in these is, the keeping continuously 
a thin stratum of fuel on the lars, and, consequently, an 
abundant supply, and even an excess of air, through it, to 
the gases generated in small quantities over every part of 
the fuel. Neither must we be led to suppose, that they 
efiect a more economical use of the fuel. 

Ill an inquiry on the subject at the Society of Arts, much 
stress was laid on the annual saving by the use of the 
moving bars, at a large establishment in London. It 
appeared, however, that the saving arose, not from any 
more economic use of the fuel, or the generation of more 
heat, or by a more perfect combustion, but merely from the 
circumstance, that the mode of feeding the furnace, and 
keeping continuously a thin stratum of fuel on the grate, 
enabled the proprietor to use an inferior description of coal. 

* Stanley’s apparatus was eaiiy applied on board tbe Dublin Steam 
Company's vessel, tlie Liverpool Independent of its inconvenient bulk, 
it was wholly defective, when applied to large furnaces, req.uiring tbe most 
active firing, and tbe irregular demand for steam incidental to marine 
boilers. 




114 


THE COMBirSTIO:C^ OE COAL 


In the case of boilers already constructed, it may be 
asked bow they should be altered so as to admit the 
required supply of air. In land loilers^ where the furnace 
doors are set in brick, they may easily be enlarged, and at a 
small cost, to allow space for the requisite number of 
orifices, the aggregate area of which should average five to 
six square inches for each square foot of grate-bar furnace, 
according to the description of fuel. 

In marine toilers, however, the enlargement of the door 
.end is troublesome. "Where sufficient space cannot be 
obtained, it will be advisable, in addition to as many half¬ 
inch orifices as can be inserted in the back plate of the 
close door box, or in the neighbourhood of the door, to intro¬ 
duce the ordinary perforated air-plate, as already shown 
in Fig. 51. This was the mode successfully adopted, in the 
present year, in the mail steam-packet, the LlewellynP 
The boilers being new, and the maker not having allowed 
space sufficient for door-frame plates of the required size, 
the deficiency was supplied through the ordinary perforated 
box in the bridge. 

The boilers previously in this vessel were remarkable for 
the continuous volume of dense smoke: the new boiler, 
independently of the absence of smoke, supplies more steam 
with a less consumption of coal. The contrast between the 
two modes of constructing furnaces, is well exemplified in 
the following extract from the report of Mr. Joseph Clarke, 
the Engineer of the Dublin Company, to whom this vessel 
belongs.'^ 

The Holyhead mail steam packet, ^ Llewellyn^'' having now been at 
work three months with new boilers, I have to transmit yon the result of 
their performances. This vessel has two boilers ; one before, and the other 
abaft the engines. Their construction are precisely the same; each having 
six furnaces. Both have all their furnace fittings exactly the same. In 
order to put the smoke-prevention principle in contrast with the ordinary 
mode, the fore hoiler was allowed to remain as it came from the maker, 
while the after one had the door frames of each of the furnaces (which are 
made with box mouth pieces) perforated with 149 holes, each inch 
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Fig. 70. 



Ill illastration of the alteration which should be made in 
marine boilers, T'ig. 70 represents the usual mode of con- 

diameter, to admit tlie air. These not being snfficient, the perforated 
plate behind the bridge was added, in which there were 321 holes—in all, 
470 holes ; the gross area of which is equal to about 5 square inches for 
each square foot of fire grate. The result is, tliat the fore boiler gives out 
a contiuuous volume of dense smoke, and the after one none whatever. It 
is quite remarkable to see the steam blowing off from both boilers, and 
smoke only from one. I know nothing that could he more demonstrative 
of a principle than the contrast between the two boilers in this vessel. It 
attracted the attention of the passengers, and I resolved, therefore, on 
leaving the two sets of furnaces as they are for some time longer, to afford 
the public the opportunity of seeing that smoke x)revention is practicable. 
When the vessel can he spared, it is luy intention to make the furnaces of 
both boilers alike.” 
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end of marine boilers is difficult and expensive, as sliown in 
Pig. 70, the mode shown in Pig. 71 is so much more simple 
as to cover all the outlay for the air boxes shown in the 
next figures. 

Pig. 72 represents one of the modes adopted where the 
boiler had been originally constructed to admit the required 
numler of orifices. This has been in successfal operation 
for some years, and without requiring any repairs. In this 
plan it will be seen that air boxes are introduced at the 
sides and above the doors. The air entering to the upper 
box at a, and to the side boxes at h 1. (The left represent¬ 
ing an outside, and the right an inside view of the orifices.) 
In the centre is a sliding plate P, by which; alternately, the 
right or left hand upper orifices may be closed, when either 
furnaces are about to be charged. 

As much stress has been laid on the value of having 
skilful firemen, it is important to show in what their real 
duties consist. The annexed figures will explain the differ¬ 
ence in effect between the right and the wrong mode of 
charging a furnace. 

Fig. 73. 



Pig. 73 represents the proper mode of keeping a uniform 
depth of coal on the grate-barsthe result of which will 
be, a uniform generation of gas throughout the charge, and 
a uniform temperature in the fines. 
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Fig. 7Za. 



Fig. 7Ba represents tlie ordinary mode of feeding marine 
furnaces: charging the front half as high, and as near the 
door, as possible, leaving the bridge end comparatively bare. 
The result necessarily is, that more air obtains access 
through the uncovered bars than could be required; thus 
defeating all efforts at introducing the proper quantity in 
the proper manner. 

One important advantage arising from the control of the 
quantity of air is, that it enables the engineer to shorten 
the length of the grate by bricking over the after end of the 
bars, seeing that an unnecessary length merely gives the 
means of letting an improper supply of air pass in throngh 
the uncovered bars. 

The facility with which the stoker is enabled to counteract 
the best arrangements, naturally suggests the advantage of 
oneehanical feeders. Here is a direction in which mechanical 
skill may usefully be employed:—the basis of success, how¬ 
ever, should be the sustaining at all times the uniform and 
sufficient depth of fuel on the bars. 

Although the combustion of the gases in locomotive 
boilers does not come within the scope of these remarks, 
the peculiarities of the boiler, as shown in Fig. 74, are so 
illustrative of the principle of admitting the air through 
numerous orifices, that it here merits attention. 
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seen that the air enters from a separate passage to a number 
of Tertical perforated tubes, from which it passes to the gas, 
in a large mixing or combustion chamber, through numerous 
small orifices. The result is, immediate diffusion and com¬ 
bustion. The deflecting plate, to a certain extent, counter¬ 
acts the short run, or distance to the tubes.^ 

In concluding these observations on the various modes of 
introducing air to the furnaces, it is only necessary to add, 
that by attention to what is here stated, manufacturers 
may become independent of “ smoke-burning” patents. 
All they have to do is, to imitate, as near as possible, the 
principle of the common Argand gas burner. Let them 
introduce the air hy mimerous small orijices to the gas, m 
the f urnace, as the gas is introdtcced by small orifices to the 
air in the hicrner. They want no aid from any patentee. 
Let them begin by having as many half, or even three- 
quarter, inch orifices, with inch spaces, drilled in the door 
and door frame, as possible. If the furnace be large, and 
the door-plate frame is not sufficient for the introduction of 
the required number of holes, let them introduce the per¬ 
forated plate in the bridge, as shown in Tig. 51, and as 
described by Dr, lire in his Dictionary of Arts, last Edition 
title, “ Smoke ISTuisance.” 

* A, deflecting plate; B, combustion cbaiaber; C, common coal fire; 
n, cold air passage. 
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CHAPTEE VIII. 

ON THE PBOVIDINO ADEQUATE INTEENAL SUEEACE POE 

TBANSMITTING- THE HEAT TO THE WATEE POE EYAPO- 

EATION. 

On tliis Head, marine boiler-makers content themselves 
with calculating the gross internal superficies; and having 
provided a given number of square yards, of so called heating 
surface^ they consider they have done all that is necessary 
for providing an adeqiiate sugglg of steam. 

This might he sufi&cient, were there any ground for 
assuming that a square yard of surface possessed a given 
evaporative power. Hothiog, however, can be more vague, 
and, practically, more deceptive, than the supposed heat- 
producing value of a square foot of grate-bar, or the heat- 
transmitting power of a square yard of internal surface, 
both being, momentarily, subject to numerous influences 
connected with time, temperature, current, and position; 
and the ever-varying admission and action of the air. 

At present, practice and theory are utterly at variance on 
this matter. Take, for instance, the separate surfaces of the 
fire-box and tubes of a locomotive boiler, a square yard of 
the latter having but one-third the evaporative effect of one 
in the former. Indeed, many instances mighty be given of 
the evaporative effect being increased by the removal of 
many entire tiers of tubes, and even by a large diminution 
of the gross area of surface. 

As to general efiicieney, the flue system is capable of 
supplying all that can be required, while it is free from the 
anomalies incidental to the multi-tubular plan. When 
larger quantities of steam are required for larger engines, 
this can be best obtained, not by additional tiers of tubes. 


a 
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but by extending the areas and length of run; thus 
increasing the number of units of time, distance, and surface, 
along which the h.eat-transmitting induence may be exerted. 
It is a mistake, then, to suppose that the mere providing a 
large aggregate of surface can .compensate for deficiency in 
the run, or the want of sufficient time: The heated products, 
will not, and cannot be forced instantaneously to spread 
themselves over the aggregate of surface that may have 
been provided. 

Among the influences w^hich affect the transmitting 
power of any given surface, none are greater than the 
velocity of the current through the fines. The products of 
combustion being at a high temperature, are found to take 
the nearest, hottest, or shortest course to the funnel,— entering 
the lowest tier of tubes first, —^regardless of whatever surface 
may have been elsewhere provided; in fact, passing through 
but a limited number of their ranges. 

It is an error then to suppose, that by presenting addi¬ 
tional series of tubes, we can compel the gaseous products, 
hurrying to the funnel, to occupy them, or go out of their 
way, to take the course we may please to dictate. "With 
equal consistency might we expect that the rapid course of 
a river stream would be eased by providing additional surface 
in some adjoining district; but through which the direction 
of the current would not lead it. Lineal distance, or length 
of run, along which the heated products pass, is the most 
important, though the most neglected, element in the calcu¬ 
lation of surface. 

Among the modes of providing adequate internal surface, 
none have led to greater errors than the endeavour to make 
smaller and shorter boilers do the duty of larger ones, and 
supply steam for larger engines, by the adoption of the 
multi-tubular system. The result has been, a less perfect 
combustion; a larger development of opaque smoke; a 
greater w^aste of fuel and heat; and a more dangerous 
application of it. Where increased power was employed, 
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and a larger supplj of steam was required, instead of pro¬ 
viding a corresponding enlargement of the boilers, engineers 
have inconsiderately adopted the locomotive tubular principle, 
apparently for no other reason than that it was smaller, hut 
without considering the irreconcileable differences in the 
two services, and the -peculiarities incident to each. ISTot 
finding that the enlarged aggregate internal tubular surface 
produced the expected increased quantity of steam, they 
had recourse to the other alternative — the enlarging the 
ureas of the furnaces, and increasing their number —the 
generation of the steam almost exclusively depending on 
the jglate surface in connection with them. 

The adoption of the tubular system in marine boilers 
was also accompanied by this anomalous proceeding; that 
while the areas of the furnaces and grate-bars were enlarged, 
more fuel necessarily consumed, and more gas generated, 
nevertheless, the time and distance allowed for the trans¬ 
mission and absorption of the increased quantity of heat 
generated, were both actually diminished. 

It is clear, therefore, that in these arrangements all the 
requirements of nature were disregarded. All merged in 
the one consideration,—the diminishing the size of the 
boiler, increasing the area of the furnaces, and providing a 
larger aggregate internal surface by the tubular system. 
The question, indeed, seems never to have been raised, 
whether that additional surface was ever, or to what extent, 
brought into action.'^ 

Under tte head of “ Want of general principles in the constrnction of 
marine boilers,” Dr. Lardncr justly observes, “there cannot be a more 
striking proof of the ignorance of general principles -which prevails respect¬ 
ing this branch of steam engineering, than the endless variety of forms and 
proportions which are adopted in the boilers and furnaces wliich are con¬ 
structed, not only by different engineers, but by the same engineers, for 
steamers of like power and capacity, and even lor the same steamer at 
dilferent times.” He then adds, “The original boilers of the Gtv.hI 
Western built for the New York and Bristol voyage, was of ilic flue sori ; 

Q 2 
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As to the importance of time and dista/}ice, in connection 
with surface, it is onlj necessary to point to the length 
of the flame, in ordinary boilers, that being an unmistakeable 
evidence of the duration of the ^process of the combustion of 
the carbon; and wMcb process cannot be interfered with, 
unless by the loss of that heat which would have attended its 
completion. 

The following experiment vrill give a sufS.ciently correct 
view of the duration of this process, and what ought to be 
the distance and surface allowed to take up the heat. In 
this case, the boiler was 15 feet long; the furnace 4 feet 
3 inches, with a returning upper due. The air was properly 
supplied, the combustion perfect, and no smoke generated. 


Length, of flame after 
a fresh charge. 

After 5 minutes, 10 feet from the bridge. 
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During the last ten minutes, the flame ceased to be that 
of coal-gas (carburetted hydrogen), and had become that of 


these were subsequently taken out and replaced by tubular boilers ; the 
dimensions and relative proportions of these two sets of boilers were as 
follows.”—He then gives in detail all the particulars, the leading points of 
which are as follows :—observing that ‘‘this vessel was less efficient with 
the second set of boilers.” 

Original Boiler. Second Boiler. 

Nominal horse power , . 400 400 

Total heating surface . . 3840 square feet. 7150 square feet. 

This is sufficient to prove the fallacy of a large aggregate of heating 
surface. The first boiler, which was a good steam producer, had 9 
square feet per horse power; the second, the tubular one, about 17 
feet — nearly double—yet the generation of steam was inferior in the 
latter. 
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eolce-gas (carbonic oxide). There could be no mistake in 
this, the colour and character of the two gases being so 
different and well defined, as may be clearly observed 
through the sight holes, placed opposite the furnace. 

Had this been a tubular boiler, the run from the furnace 
to the funnel, instead of being 36 feet, would not have been 
one-tenth of that distance. The flame, which at one time 
we see extended to 22 feet, must necessarily have been 
violently cut short and extinguished; or its heat expended 
in the chimney. The atoms of carbon would have been 
converted from the incandescent state of flame into the 
black element of smoke; heat would have been lost to the 
boiler, and the tubes would have become lined with the 
non-conductor soot. 

If the flame passing from a furnace be clear, the combus¬ 
tion may be considered as complete, and the full 
of heat obtained from the fuel—the pyrometer indi( 
the available amount of that heat. Mr. Dewrance status, 
respecting a land-boiler, properly fitted with the perforated 
air distributor:—“ Ve have a clear flame along the flues to 
the distance of 30 feet from the fire, and the flues at that 
distance are quite hot; previously to the admission of air in 
the proper manner, this part was quite cold.’^ How, had 
this been one of the usual short marine tubular boilers, what 
would have been done with this flame, or the heated pro¬ 
ducts passing from it ? and of what avail would have been 
the surface of the series of small tubes ? It is manifest, 
then, that this question, as to the length of the flame, and 
the demand for time and distance, was not sufficiently con¬ 
sidered, when the tubular system was introduced into 
marine boilers, imng coal, in imitation of the locomotive 
tesing colce. 

Again, in addition to the heat obtained by direct radiation 
from the flame, we have to consider that large quantity 
which would have been given out by the gases, if their 
combustion had been completed. It may here be observed 
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that it is the obtaining the service of the heated products 
by an adequate run of flue, with sufficient time and surface, 
that characterises the Cornish loilers. In these,"l^^the main 
feature consists in generating, by slow combustion, no more 
heat than can be taken up, and transmitted to the water. 
In this respect, then, it is the direct reverse of the tubular 
system. In the former, there is slow combustion,—a conti¬ 
nuous small development of combustible gas,—a long run,— 
abundant absorbing surface,—a moderate rate of current,— 
free access of the water to the flues,—and sufficient time to 
enable the surface plate to do its duty;—added to the 
adoption of every possible means of preventing the loss of 
heat, externally, by clothing the outside of the boiler. 

In the marine tubular boiler, on the other hand, everything 
is the reverse. There is the most rapid combustion,—the 
largest and most irregular development of gas,—a rapid 
current,—a short run,—a restricted and imperfect circu¬ 
lation of the water,—and a total inadequacy of time for the 
transmitting and absorbing processes, with a great waste of 
heat by radiation firom the boiler. 

Another serious evil of this tubular system, and its short 
run, which carries the heat away so rapidly, is, the over-heated 
state of the funnel and steam-chest; and the consequent 
danger to the part of the vessel in their immediate con¬ 
tiguity. 

The cause of such heat in a situation where it can be of 
no avail for the purposes of evaporation, has not been suffi¬ 
ciently inquired into. To this circumstance, without doubt, 
was attributable the destruction by fire of the Amazon 
steam-ship. The excessive heat of the lower part of the 
funnel, the take-up and steam-chest,— both of lohich were in 
that vessel under deck, —created a source of danger which 
does not exist in vessels where both are above the main 
deck. 

“With reference to the availability of the tubular surface, 
even the horizontal position of the tubes, and their being 
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ranged in tiers above each otlieo% is peculiarly unfavorable. 
The lower tiers presenting the nearest opening for the 
escape of the heated gaseous products, are first occupied, 
and at an accelerated rate of progress. 

Mr. Atherton has given the most convincing proof of the 
waste and danger of the tubular system. Speaking of the 
combustible gases evolved from coal, he observes that “ after 
having passed through the tubes, the proceeds from all the 
different furnaces become collected in the up-take and 
funnel; and being there combined and mixed together, they 
hwst into useless combustion^ frequently onalcmg the fionnel 
red hotJ^^ This is unquestionably true, but ifc only shews 
ihat the combustible gases must have passed through the tubes 
unconsumed; and having, in the smoke box, encountered the 
air (which should have been supplied earlier), ^Hhen burst 
into useless combustion.^^ 

But there is a more important reason for i 
sectional area’’ in the fines which has not been rei 
to by writers on the subject, viz., that it is absolutely 
essential, chemically, to the completion of the process of 
combustion and the disposing of the products, of which water 
is so large a one, as will be shewn hereafter. 

In calculating the effective surface, then, it should be 
taken with reference to the length of the road, so to speak, 
along which the heated products have to travel in their 
hurried course, rather than to the breadth, or enlarged 
areas, which may be laterally or accidentally provided, but 
which are practically not used or available. 



CHAPTEK IX. 


OP PL^lME, the temperattjre required por its 

PRODUCTION AND CONTINUANCE, AND ITS MANAGE¬ 
MENT IN THE PURNACES AND PLUES. 

Treating of tlie temperature required for the combustion 
of carburetted hydrogen gas, is virtually treating of flame. 
which is the first product of that combustion. On this 
subject we may take Sir Humphrey Davy as our guide, as 
he made it an object of such special inquiry. In his 
‘^Eesearches on Elame,’’ he observes, “I shall proceed to 
describe the origin and progress of those investigations 
which led me to the discovery of the principles by which 
fiame may be arrested and regulated. I first began with a 
minute chemical examination of the sicbstances with which I 
had to dealP So far from adopting the same rational course, 
though dealing with the same subject, writers of the present 
day begin with calculations respecting j^fo^ortiom of the 
^vessels into which the several substances are to be intro¬ 
duced, while they omit the ^^chemical examination of the 
substancei'* themselves. 

Having, after numerous trials, ascertained the volum,e of 
air required for the combustion of the gas, he next treats of 
the temj^erature required for the production of flame; that 
is, for igniting the given mixture of gas and air, which he 
calls an explosive mixture^'* ‘‘ This mixture,’^ he observes, 
was not exploded, or fired, by red hot charcoal, or red hot 
iron; it required the iron to be loliite hot for its inflam¬ 
mation.’’ 

That this heat is required for the ignition of the first 
mixed groujp of gas and air to which it is applied, we have 
daily proof, when, to light the gas in our apartments, we 
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apply tlie heat of a separate fiame before ignition takes place. 
This*^ is confirmatory of the high temperature described by Sir 
H. Davy, since, as he observes, the temperature of white 
hot metal is far lelow that of flame.^* IN^ow, in lighting the 
gas from our burners, we are apt to overlook the all import¬ 
ant fact, that it is not the gas which we ignite, but the 
miccfure of gas and air. On the taper being applied, explosion, 
or sudden ignition, then takes place of fist so much^ or so 
many groups, of the gas and air, as have obtained the necessary 
atomic contact, and no more. 

That a high temperature must, unintermittingly, be main¬ 
tained in the chamber part of the furnace, will at once be 
understood, when we consider, that flame, continuous though 
it appears to be, is but a rapid succession of electric explo¬ 
sions of atoms, or groups of atoms, of one of the constituents 
of the gas — the hydrogen with oxygen; and as rapidly as 
their respective atoms obtain access and contact with each 
other; the second constituent—the carbon—taking no part 
in such explosions. Whatever, therefore, interrupts tliis 
succession; (that is, allows the explosion of one group to be 
terminated before another is ready, and within the range of 
its required temperature), virtually causes the llamo to 
cease; in ordinary language, puts it out. 

Again, if by any cooling agency we reduce the tempe¬ 
rature below that of accension, or kindling, the ellbct is tlie 
same : the succession is drolcen, and the contiuuoiisness ol’ the 
flame ceases ; as when we blow strongly ou tlio :fhunc 3 of a 
candle, by which we so cool down tho atoms oT gas that 
they become too cold for ignition, and pass away in a 
grey-coloured vapour; but which, by contact with, a 
lighted taper, may again be ignited, and the succcsaicu 
restored. 

Thus we see there are two modes by which flaino may bo 
interrupted, that is extinguished ; both of wliich are momen¬ 
tarily in operation in our furnaces. Ist. .By the want of 
successive mixture or groupings of air and gas. 2nd. When 

<3 3 
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the gas is reduced in temperature by cooling agencies, as 
will hereafter be shown. 

Luminosity is not an element in the generation of flame. 
It is merely the result of the presence of some other and 
solid onatter — the degree of luminosity being in propor¬ 
tion to the quantity and temperature of such solid matter. 
In the combustion of coal gas, flame is caused by the union 
of the hydrogen with atmospheric oxygen, the heat produced 
being intense, raising the carbon, if present, to the state of 
incandescence, and producing the effect of luminosity. Here 
we may admire the wonderful adaptation of nature to human 
wants. ‘Without the hydrogen there would be no heat, and 
without the carbon there would be no light. The luminosity 
of the incandescent carbon, then, is the mere result of that 
high temperature which is essential to its own subsequent 
combustion, or chemical union, with oxygen. 

Let this fact, then, be borne in mind, as it indicates the 
cardinal point of the whole process in ovix furnaces, namely, 
that it is not the gas, but the mixture, the compound of gas 
and air, that is ignited, and which produces the flame, with 
its heat and luminosity. 

This necessary condition of mixture clearly exposes the 
error of supposing that the gas may be ignited or consumed 
by being made to pass over, or in connection with the red hot 
fuel. Sir H. Davy has show that no degree of heat will 
consume gas—combustion being, not the heat in the gaSj but 
the chemical union of its constituents with the oxygen— mix¬ 
ing being but the preliminary operation of bringing those 
constituents and the supporter of combustion into atomic 
contact, or within the sphere of chemical or electric action, ■ 

The two essentials of combustion being laid down by Sir 
H. Lavy, viz.— temperature and contact, he then considers 
the management or treatment of the flame, and the means 
by which it may be effected or extinguished. He states, that 
on mixing one part of carbonic acid with seven parts of the 
mixture of gas . and aw ; or one part of nitrogen with six 
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parts of tlie inixture, their powers of eoyplosion were de- 
stroyedy—^d^} is, ignition was prevented. Here is a fact 
neyer to be lost sight of, inasmuch as its application is 
called for in eyery stage of the process in our furnaces and 
flues. 

Again he observes : “ If combustible matter requires a high 
temperature for its combustion, it will be easily esotinguished 
by rarefaction or by cooling agencies, whether of solid sub¬ 
stances, or of incombustible gases.” This is highly instruc¬ 
tive ; yet, the supplying these very means for extinguishing 
the flame are the characteristics of the tubular system, 
namely,—destroying the high temperature by o^arefaction, 
cooling agencies, and mixing with inco^iibustible gases. 

On examination of what passes in furnaces using coal, 
we see the direct connection between its effect, and what Sir 
H. Davy so clearly points out as the means of extinguishing 
the flame. On looking into f)^flue loiler from the back end, 
a body of flame will be seen flashing along from the bridge, 
and if air be properly introduced, extending a distance of 
20 to 30 feet. This is the appearance which has to be 
sustained until the process of combustion be completed, if we 
would have the full measure of heat developed. 

On the other hand, looking into a tubular boiler, across 
the smoke-box, the light of the flame may be seen through 
the tubes; but, on entering their orifices, or at a short 
distance within them, it will appear to be suddenly cut short 
and extinguished, and converted into smoke, as shown in 
Dig. 75, Plate d. 

The distance, then, to which flame will penetrate tubes, 
before being extinguished, will depend on the rapidity of the 
current,—the size of the orifices,—and the quantity and 
character of the gaseous products, entering in company and 
in contact with it. These products are— 

From tlie coke . . carkonic acid and nitrogen. 

Erom tlie gas . . carkonic acid, nitrogen, and steam. 

Here we have the very iiicomhustihle gases referred to 
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by Sir H. Davy,—^not even in small, but in very large 
quantities, — forced into the most intimate possible mixture 
with the flame. The result necessarily must be, the 
reduction of its temperature, and consequent extinguish¬ 
ment. 

Impressed with the importance of the connexion between 
temperature and ignition. Sir H, Davy dwells on the fact? 
and repeats, that “ flame, whether produced from the com¬ 
bustion of large or small guantities of explosive mixture 
(gas and air), may always be extinguished or destroyed by 
cooling agencies; and, in ^rojportion to the heat required; to 
carry on combustion^ so it is the more easily destroyed,^"* 

Again, he observes :—“ In reasoning on these phenomena, 
it occurred to me that the effect of carbonic acid and 
nitrogen, and of the surfaces of small tubes, depended on 
their cooling powers ; upon their lowering the temperature of 
the exploding mixture so much, that it was no longer 
sufS-cient for its continuous inflammation.^^ It is impossible 
that words can be more explicit, or more applicable, and 
cautionary, as to the consequences of bringing these incom¬ 
bustible gases into contact with flame. Tet this mixture, and 
these cooling agencies, are promoted in the most palpable 
manner and to the greatest extent, by forcing the flame, 
together with these gases, to enter the hundreds of long 
narrow metallic tubes, with their small orifices; — thus 
dividing into numerous films, and destroying the body and 
intensity of the heat, which should have been preserved ; 
since, as he observes,—“ the heat communicated hy flame must 
depend on its mass.'^^ 

Under the circumstances of an ordinaryboiler, if the 
flue be of sufficient area, the products of comhustion. separate 
themselves, seen in the flame of a candle, and as will hereafter 
be shown. So in the flue, the hottest portion, and the flame 
itself, will take the upper part, thus avoiding that unnatural 
mixture with its own incombustible products—carbonic acid, 
nitrogen, and steam but which in the tubular system are 
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again forced into contact with the flame from which they 
had separated themselves. 

That the temperature within the tubes will he reduced 
below that required for continuous ignition, may he tested 
by looking into them through apertures across the smoke- 
box end, or by introducing shavings or paper fixed to the 
end of an iron rod. In most cases (unless when the fuel on 
the bars is clear) the paper may be passed in and with¬ 
drawn, blackened with soot, or unscorched, according to 
the state of the furnace, indicating the low temperature 
within the tubes, and their utter uselessness as steam 
generators^ 

In speaking of the evils of the tabular system, these 
remarks have no reference to its application in locomotive 
boilers, where colce alone is used, and for this self-evident 
reason, that no hydro-carbon gas or fuliginous flame has 
there to be encountered. In the tubes of the locomotive 
there is, in fact, no chemical or practical reason why the 
heat may not be abstracted from the products with the 
greatest rapidity. 

Looking, then, at the practical effect of these numerous 
narrow orifices, and the diminution of the temperature, 
consequent on its division, it would be impossible for 
ingenuity to have devised a more perfect mechanical mode of 
effecting that rapid and intimate contact between the flame 
and the incombustible gases^ described by Sir H. Davy 
as being so injurious to the continuing high temperature 
of that flame, and, in a word, so effective in its extinguish¬ 
ment. 

The inference which this inquiry leads to as regards the 
high temperature required,—1st, for the ignition, and 2ndly, 
for the sustained existence of flame is, that the tubular 
system is chemically, mechanically, and practically a destroyer 
of both. 
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CHAPTEE X. 


OE THE CIEOXTLATIOH OE WATER IH THE BOILER. 

This important 'brancli of tlie subject—promoting circula*^ 
tion in tbe water in evaporative vessels—appears to have 
hitherto received but little attention; vet 

_. * promoting circulation is virtually promoting 

-—H evaporation. Mr. Perkins proved by numerous 

experiments how much evaporation was in- 
i A creased by an unembarrassed action of the 

I I ascending and descending currents of the 

I water: since then, no further effort has been 

w ^ ‘if made in that direction. If sufficient space 
be allowed for the action, the ascending 
k A and descending currents will of themselves 
^ take such directions as are most favourable 
for their respective function, as in Pig. 77, 
I where an ascending current is seen in the 

j centre, and a descending one on the sides. 

I I Dr. Dre observes, “ when the bottom of a 

3ssel containing water is exposed to heat^ 
le lowest stratum becomes specifically lighter, 
and is forced upwards hy the superior gravity 
of the superincumbent colder and heavier par¬ 
ticles ^ Here we have the correct theory 
of circulation: no particle, or stratum of 
V J water or steam (whatever may be its tem- 
perature), being able to ascend, or change its 
position, until some colder or heavier particle is present, to 
take its place and force it tipwards.^^ This is the rationale 
of all motion in gaseous, or fluid bodies, arising from the mere 
difference of specific gravities. Thus, when we speak of atoms 
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ascending, we must be considered as meaning their being 
forced upwards f —ascending being a compulsory, and not a 
voluntary, act. This elementary view of the motion should 
be kept in view, as it is the basis of all that follows; and as 
we are too often led astray when considering the ascendmg 
body of steam or water, but neglecting that descending body 
by which it is to be forced upwardsP 

In the case of solids, heat passes from atom to atom by con- 
duction ,—no perceptible change taking place in their relative 
bulk, weight, or position. In the case of a fluid, the entire 
mass being put into motion by its intestinal currents, circu¬ 
lation is continued, and ultimately the temperature of 212° 
is obtained, which has been termed the boiling point. 

"We have now to examine the class of motions and currents 
which are the result of this boiling operation. If we could 
suppose that there was no motion among the particles of 
water during the act of boiling, and that the atoms of steam 
alone rose to the surface on being produced,—^in such case, 
circulation would be unnecessary, and the contraction of the 
water spaces in boilers would be a matter of no importance, 
as water would then be always present on one side of 
the plate to receive the heat transmitted through it 
from the other : such a state of things, however, is contrary 
to the laws which influence the change of temperature in 
fluids. 

So far as regards the motion in yi%\i^'r,premom to ebullition, 
it has been commented on by all writers on the subject. 
The act of boiling, however, creates a species of currents of 
an entirely different and important character. These have 
not received due attention, yet they are tlie most import¬ 
ant, inasmuch as they influence not only the amount of 
evaporation, but, as will be shown, the durability of the 
boiler itself. 

With reference to the movements among the particles in 
water, it is a mistake to suppose they will descend in the 
same vertical lines in which they had ascended, as a shower 
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of rain would tlirough tlie opposing atmosphere. Such a 
direction would be impracticable on account of the resistance 
of the ascending currents of both steam and water, caused 
by ebullition. This may be illustrated by the annexed draw¬ 
ings. Pig. 78 represents a supposititious case of the particles 
of water on reaching the surface, turning and descending in 
the same vertical lines in which they had ascended. Pig. 79 
represents the ascending particles of flowing along the 
surface to the coolest and least obstructed part for their 
descending course. This is what takes place in all boilers. 


Fig. 78. Fig. 79. 



When heat is first applied to water, the uniformity of the 
motion is the mere result of diminished specific gravity^ that 
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being tben the sole motive power. After ebullition^ How¬ 
ever, a new state of things is created. The columns of rising 
steam obtain great physical power, violently and mechani¬ 
cally forcing upwards the water which comes in their way. 
Yertical streams are thus induced, putting in motion a body 
of water far greater than would be required for merely taking 
the place of that which had been converted into steam, Now, 
as bodies or streams of water, commensurate with these 
continuously forced upwards, must necessarily return to 
prevent there being a vacant space, it is for these returning 
or downward currents, of what may be called surplus water, 
that we are called on to provide both Epace and facility. 

Fig. 80. 








THE OOMBIJSTIOH OE GOAL 


138 

The difference in the character of the currents before and 
after ebullition are shown in the annexed figures. These 
may he well observed in a glass vessel, of the shape here in¬ 
dicated, and about 4 or 5 inches wide, suspended over the 
flame of an Argand burner. Pig. 80 represents the uniform 


Fig. 81. 



motion which takes place before ebullition. Pig. 81 re¬ 
presents the water after ebullition in its descending and 
revolving currents, forcing the rising columns of steam aside 
from their vertical course, as marked by the arrows. These 
motions, which are not perceptible if the water be free from 
foreign matter, will be seen on throwing in a great number of 
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small bits of paper, so as to occupy all parts of tbe water. 
The entire mass wiU then be exhibited in violent and revol^^’^'^ 
currents—the ascending steam occupying one side, and 
descending body of water rapidly descending in some otner 
part, but manifestly occwgying a much larger area of the vessel 
than the ascending portion. 


Pig. 82. 



So great is the ascensional energy and velocity of the 
rising steam, and the extra water forced before it, that 
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numerous globules are borne along by tbe current, and 
carried even downwards. These may be observed at a, Tig. 


Fig. 83. 



81,'in tbeir slow oscillating motion, struggling 
to return upwards through and against the 
force of the descending water. These move¬ 
ments are highly instructive, and should be 
well examined, since, without an accurate 
knowledge of them, we cannot have a right 
conception of what is required for giving a due 
circulation to the water, and arranging the 
flues and water spaces in boilers to enable 
those motions to be completed. 

The influence exercised by the descending 
body of water was strikingly illustrated in 
an experimental tin boiler, 12 inches long, 
with a single flue running horizontally through 
it, the water being heated by the flame of a 
large laboratory gas lamp. The boiler being 
open at the top, the movements of the steam 
and water were thus ascertained, as shown 
in Pig. 82. So soon as the ebullition became 
strong, the w^ater spaces round the flue ap¬ 
peared insufficient to allow the steam to 
ascend, and the water to descend, equally on 
both sides. The consequence was, that much 
of the water forced up by the steam on the 
one side, was carried over by its violence, 
and descended on the other, thus making a 
circular course round the flue, and forcibly 
carrying along with it much of the steam 
that came in its way. This circular motion 
is shown by the dotted arrows representing 
the steam, and the plain arrows, the water, 

"With the view of observing the injurious 
consequences of restricted water-ways, a very 


useful class of observations may be made by using a tall 
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narrow glass as in Fig. 83, attached to a tin or iron vessel,, 
with a flat bottom, to receive the beat from an Argand 
burner, or spirit lamp. 

Here the descending water is so obstructed by the joint 
columns of ascending steam and water^ that both are thrown 
into great confusion:—their respective currents continually 
changing sides, and the progress of evaporation considerably 
delayed. We here obtain a clear practical view of what 
must take place between the flues or tubes of boilers, with 
their usually restricted water-ways. 

The violence and intermittent action which ensues where 
separate channels or sufficient space are not available, will 
be well illustrated in the following experiment: Fig. 84 
represents two long glasses, each 2 inches wide by 18 
inches long, a and B connected by means of a tin apparatus 
c and n, at top and bottom, leaving the communication 
open above and below; the whole being suspended over a 
fire, or circular series of gas jets producing a strong heat. 
On the heat being applied, a current of mixed steam and 
water will be seen ascending in one glass, and descending 
in the other, as indicated by the arrows. There being 
here no confusion or collision, a state of things will be pro¬ 
duced highly favourable to the generation of steam; the 
colder water finding easy and continued access to the heated 
bottom of the vessel at e. 

If, however, the communication between the two glasses 
be cut off by inserting a cork or plug in one of the glasses, 
as seen at p. Fig. 85, the circulation in glass b will be 
suspended, and the glass A will then have the double duty 
to perform of allowing the rising steam to reach the surface, 
and the descending water to reach the bottom at e. The 
previous uniform generation of steam will then be succeeded 
by an intermittent action, explosive violence alternating 
with comparative calm and inaction, clearly indicating that 
the latter is only the interval of accumulating force to be 
discharged by the former. The rationale of this inter- 
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mittent action is, that the water being obstructed in its 
descent, the steam is necessarily delayed or accumulated in 
the lower chamber, and only discharged at intervals. The 
motions exhibited in these intermittent changes are little 
understood, and have not been examined either scientifically 
or practically; yet this branch of hydrostatics merits the 
most serious investigation in connexion with the construc¬ 
tion of large boilers. 

Again, this accumulated steam getting sudden vent is 
discharged with great violence, literally emptying both the 
glasses and lower chamber. An equally violent, but more 
sudden, reaction of course follows, and a large body of 
colder water as suddenly rushes down to fill the space 
vacated. An interval will then necessarily be required to 
raise the temperature of this large supply of colder water, 
and restore the previous state of ebullition. 

Here, then, we have a natural and physical caubc - 
intermittent action on the small scale wh^ch takes place u 
boilers on the large scale, where free circulation is impede 
by the want of adequate space. Here also may be seen th 
true source of griming in boilers where the act of ebullitioi 
is violent. ^ 

In this experiment, although there was nothing to inter¬ 
cept the steam and water in their ascent, the intermittent 
action continued at intervals of one or two minutes. At 
each irruption, the steam and water were forced to a con¬ 
siderable height, and on its return, striking downwards into 
the vessel, shaking the apparatus with such violence as 
apparently to threaten its destruction, the blow received 
internally being accompanied with a noise as if a heavy 
body had fallen on the fioor. Prom the great violence and 
explosive character of the ascent, when the intermittent 
action occurred, it was manifest that had the vessel been a 
close one, no safety-valve would have been sufficient to 
relieve the outburst of these irruptions. 

The wholesome action of a safety-valve depends on a 
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supposed uniform, and progressiye increase of volume and> ' 
pressure of tiie steam ; yet, practically, nothing of the kind 
takes place: all is intermittent, indicating a succession of 
eruptive efforts in discharge of the accumulated steam. In 
truth, after ebullition has begun, the whole process is 
intermittent,—ebullition itself is an intermittent, but 
hitherto unexplained, action. Here, then, we have a prac» 
tical exemplification of at least one of the causes of these 
explosions which have latterly become so frequent. These 
experiments were repeated with numerous alterations in 
the relative length and diameters of the glasses, each pre¬ 
senting some new phase of the process of vaporization, 
indicating that a highly important field still remained for 
investigation, and bearing practically on the subject of the 
areas required for the efficient circulation of the water and 
generation of steam. The subject, however, is too extensive 
and too important to be here entered on, and must he 
examined more at length than would here be practicable. 


CHAPTEE XI. 

OK THE CIRCHLATIOK OP THE WATER IK EELATIOK TO 
ETATORATIOK, AKH ITS IKPLHEKCE OK THE TEAKS- 
MISSIOK OP HEAT. 

“With reference to the currents in water caused by the 
application of heat, the first point for consideration prac¬ 
tically is, the direction in which the atoms of water approach 
the plates where they are respectively to receive beat. 

Eememhering that before any particle of water can 
leave the heated plate, and rise to the surface, as stearn^ it 
must be forced upwards hy some colder and heavier 
•jyarticles, Unless, therefore, a due succession of such 
particles he enabled to take their places as rapidly as others 
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^have received tlie heat due to their vaporization, fche plate 
itself cannot he relieved of its heat, and conseq^uentlj, 
evaporation must he retarded. 

Pig. 86. Fig. 87. 




To illustrate the direction in which the particles suc¬ 
cessively approach the heated plate, Tig. 86 represents a 
vessel of water—the heat being applied froon heneath. The 
question here is, whether the colder atoms which are to take 
the places of the atoms of vapour, generated at the point 

A, will approach that point in the direction of the arrows 

B, c, or n. From what has been just shown, it is manifest 
they cannot arrive in the downward direction of b, and 
must necessarily come in that of either c or n. 

Again, suppose the heat be applied laterally^ as to the 
side j)lates of a furnace. The question then will be, 
whether the colder atoms will approach, the point a, as 
in Tig. 87, in the direction of the arrows B, c, or B. Tor the 
same reasons it will be seen that it must be in that of either 
0 or B. This is manifestly in favour of vertical, rather than 
horizontal surfaces, as practically has been proved in the 
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case of vertical tubes. This advautage may be accounted 
for by the fact, that tbe currents of tbe atoms of vapour, 
and that of tbe water about to be converted into vapour, 
will then be running in one and the same direction^ and 
" consequently, without obstruction or collision. 

Now as vaporization does not depend on the quantity of 
lieat applied to the plate, but on the quantity taken from it, 
the amount of evaporation will be determined by the 
rapidity with which the colder atoms of water obtain access 
to the heated plate. Hence we see how more important it 
is to study the means of giving that access of the water to 
the one side of the plate, than of heat to the otheo\ 

The annexed figures will illustrate, practically, the direc¬ 
tion in which the colder water obtains access to the sides 
and crown plates of a furnace:—the arrows representing 
the atoms of water, and the dotted lines those of the rising 
steam. 

An important question is here raised,—do the atoms of 
w^ater approach the plate in the direction of the arrows as 
in rig. 88 or Tig, 89 ? Everything goes to show that it 
must be as in the latter. We here then find that the crown 
or horizontal plates can be supplied from the vertical water 
spaces alone; and hence the importance of making those 
channels so large, and conveniently arranged, that the 
water may reach them in full current and quantity. This 
also accounts for the fact that the crown plates are the 
most liable to injury from being over-heated. The side 
plates next the fuel on the bars, becoming over-heated and 
burnt, we. shall see, is referable to a different cause. 

The crown plates of a furnace are then the most liable 
to injury from the double cause of being exposed to the 
greatest heat, by direct impact of the flame, and from the 
water having greater difficulty of access to them, as shown 
in Eig. 88.'* This causes them frequently to bulge under 

* This has been well illustrated by Mr. Fairburn in a paper read to the 
British Associatioa at Hull, detailiug some very interesting results of 

H 2 
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the pressure of steam, as in Pig. 90. This bulging on one 
occasion occurred in the first voyage the vessel had made; 
nevertheless, no inconvenience resulted from it;—the iron 
having been of good quality, the boiler remained in a state 
of perfect efficiency for maily years ; and when ultimately 
broken up, the bulged part was as sound and thick as it 
ever had been. 


Fig. 91. 



researches made for the purposes of determining the strength of locomotive 
hoHers. In the hoHer which exploded at Long-side, Considerable stress,” 
he observes, “had been laid upon the weakness of the stay which united 
the flat surface of the boUer to the sides of the fire box. The experiments 
made, however, clearly indicated that the fire box stays were not the weakest 
parts, and that there was mo?'e to fear from the top of the furnace, which 
under severe pressure, was almost hvoariahly the first to give way'"* This 
is the first time any doubt has been thrown on the comparative strength of 
this part of the furnace. 
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On tMs it may be observed, that if there be any obstruc¬ 
tion or sluggishness in the water reaching the crowui plates 
(on its rising from the vertical water-ways), the violence of 
the upward current of steam will carry it in the direction 
of the arrows in !Fig. 91:—thus leaving the centre of the 
crown plate in contact with steam rather than water^ and by 
which it necessarily becomes over-heated. 


Pig. 92. 



Looking to the direction of the water on passing from 
the vertical side spaces to the crown plates, the shape, as in 
Lig. 92, would appear most favourable for aiding the access 
of the water—(the arrows show the direction of the water, 
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and the dotted lines that of the steam). The cylindrical 
shape, perhaps, offers the most advantages as regards direc¬ 
tion of the water, and the resisting power of the plate. 

The inferences to he drawn from these facts are,— First, 
that every possible facility should be provided for enabling 
the steam to reach the surface of the water without loss of 
time or temperature. Secondly, that ample space should 
be given, at tJie ends or sides, or loth, for the large return¬ 
ing lody of water, which had been forced upwards by the 
violence of the ascending columns of steam. Thirdly, that 
similar and adequate means should be provided to enable 
the water to spread along the lottom, in its course to supply 
the numerous vertical spaces between the furnaces. 

"We will now consider the internal arrangements of 
marine boilers, with reference to the circulation of the 
water. Previously to the introduction of steam power into 
sea-going vessels, boilers were simple in their construc¬ 
tion,—the water forming one undivided mass within which 
its intestinal currents had free scope to act, taking whatever 
course was most favourable and in accordance with their 
temperatures.^ The waggon boiler of Watt, and the dome¬ 
shaped colliery boiler, may be considered as types of this 
class. In such, the question of circulation had no practical 
application. The employment of the steam engine for 
marine purposes, first rendered it necessary to make a 
change in the internal arrangements of the boiler, as well 
for economising space, as for providing adequate heating 
surface. This produced the system of internal flues, of 
considerable length, or lineal run, corresponding with the 
great length of brick flues, under and round land boilers. 
Instead of one undivided mass, the water was necessarily 
thrown into numerous deep narrow avenues, and thin 
films, with conflicting internal courses, and multiplied 
obstructions. 

Here, then, was a new system, involving great practical 
changes, not only in the direction of the heated products 
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from tlie furnace, but of the currents of botli steam and 
water. These changes, however, appear to have excited no 
attention. It was said (and in the same loose manner) 
that the water would find its way to the heated flue plates, 
just as it was said that the air would find its way to the 
fuel, and the steam to the surface, without considering what 
those ways loere^ or ought to he, and whether they were 
lorovided. 

The extent to which the heat will he taken from the 
plate is next to be considered. Mr. Sewell,* among many 
useful remarks, has some which suggest important points of 
inquiry in connection with marine boilers. ISTo matter,” 
he observes, “ how ably the furnace performs its duty, if 
the heat given oflT from the fuel cannot he taJcen as rapidly 
as it is produced, then of course economy ceases.” This, 
no doubt, is true ; but he has left unnoticed the more im¬ 
portant point, namely,— hy what is the heat to he taken up ? 

Again,—Where the power of convection is much greater 
than the power of absorption, then .the. heat evolved during 
combustion, is carried off without effect.” This is also 
true; but we are still left in doubt,— hy what is the heat to 
he absorbed? 

How, this absorption cannot be in the plate. In a well- 
constructed boiler, where adequate means of circulation of 
the water are provided, there can he no absorption in the 
plate, which is, or ought to be, the mere conveyer or trans¬ 
mitter. The very term, absorption implies, not merely 
receiving, but retaining the heat, and which certainly is not 
the function of the plate. 

This distinction involves considerations of the last 
importance. By confounding the heat transmitter —the 
plate —with the heat ahsorher—the water, —we fall practically 
into innumerable errors; not the least important of which 
are the overlooking the question of the currents and circu- 

* Elementary Treatise on Steam, and Loconiothes, by John Sewell, L.E. 
Vol. I. John Weale. 



152 


THE COMBTJSTIOIT OE COAL 


lation of tlae water; and tlie being satisfied with merely 
providing a la/rge aggregate of surface; hence concluding, 
that we had also provided a commensurate ahsorling and 
evaporative power. Errors of this kind lead to a neglect of 
the express function of the plate itself, which is merely to 
transmit what is given to it on the one side, to that which 
will receive it OU’ the other. 

In addition to the power of convection, or carrying the 
heat through the flues,—which belongs to the gaseous 
products of combustion,—and the power of transmitting the 
heat,—^which belongs to the plate,—there is the third powery 
namely, that of alsorling and retaining the heat, and which 
'belongs exclusively to the recipient, which should be water. 
ITow a right understanding of these separate functions and 
duties is absolutely necessary before we can determine the 
relation which the size or surface area of any one part of a 
boiler should bear to the rest. It is from neglect of these 
distinct functions, and the confounding the one with the 
other, that we so often err in giving an unwise rapidity to 
the convecting character of the gaseous products, and an 
injurious curtailment of the convecting range or run. 

On this absorbing faculty, and still without defining to 
what it belongs, Hr. Sewell observes—Much of the com¬ 
parative economy of boilers depends on their absorbing 
power.” Here we are left under the impression that this 
absorbing faculty is a function of some part of the boiler, 
which certainly is not the fact. 

How, it is more important that we ’ investigate the 
absorbent power of the recipient, than that of the plate. AH 
that the plate requires is, that its transmitting power —its 
proper function, be brought into action. On this head, 
M. Peclet correctly observes, that, “ under ordinary circum¬ 
stances, the quantity of heat which a metal plate has the 
power of transmitting, is far greater than what it is really 
called on to transmit! ” ^ 

“ Nous avons tii que dans les cii-constances ordinaires, la quantite de 
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To expect, then, that the plate will exercise a greater 
power of trammiUing heat to some other hodj, than that 
body possesses for receiving and absorbing if, would be a 
physical absurdity. As well might we expect that a larger 
quantity of water would pass through a porous body than 
could be contained in the space in which it would be 
received; or that the steam from the engine cylinder could 
be discharged into the condenser, in the absence of a 
sufficiency of water, or space, there to absorb or receive it. 

Mr. Craddock, in the course of his published Lectures, 
has introduced a new feature in the question of the trans¬ 
mission of heat, by drawing a distinction, as to temperature, 
between the two surfaces of the plate. It must be borne in 
mind,” he observes, “ that it is the exterior surface, along or 
over which the gases pass, and on the difference of tempera-^ 
ture between such surface and the heated gases passing over 
it, will depend the rapidity with which the latter will impart 
their heat to the former.” This assuredly is not the case. 

It may be asked, Why draw a distinction between the 
temperature of the exterior and interior surfaces of the plate 
(as if there could be any important difference), while no 
notice is taken of that on which the temperature of both its 
surfaces really depends—^namely, the character of the re- 
cipients of the heat ? 

In this dictum we have proof of the prevailing error of 
assuming that the recipient of the heat w^ill always be water, 
—that it will always be present, —and alioays in contact with 
the plate. This, however, is pre-supposing the very thing at 
issue—the very fact which experience denies. If indeed 
such were really the case, it would be a matter of perfect 
indifference what might be the degree of heat to which the 
plate, or its external surface, might be exposed; inasmuch 
as all the heat that possibly could be presented to it, would 

chalear que pent transmettre le mdtal, est heaiicoup plus grande qiie celle 
qu’il a rdellement Ti transmettre .”—Traite dc la Ohaleiir. 

H 3 
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pass to the water as rapidly as it could be received, and no 
possible injury could take place. The temj^erature of the 
opiate, in truths only hecomes an object of attention when 
there is a want of adequate circulation of the water, and 
consequently, a deficiency or delay in its obtaining contact 
with the heated plate surface. In such case, steam must 
necessarily be compelled to act the part of the recipient, by 
occupying the place where the water should have been, but 
whose function it is so ill qualified to discharge. 

It is here manifest that as the heat absorbing power of 
steam is so inferior to that of water, a much less quantity 
will be taken up, in given times, by the former than by the 
latter. Again, since no more heat can be transmitted 
through the plate, from the one side than can he taTcen from 
it hy the recipient on the other—the transmitting power of 
any given surface must be absolutely dependent on the 
dhsorhing of that recipient, whether it be oil, water, 
steam, or air. 

Water, we have seen, will absorb more heat than steam. 
The quantity taken up, therefore, will be regulated, not by 
the difierence of temperature between the plate surface 
and the heated gases passing over it or along it,”—but by 
the capacity of the receiving body, whatever it may he, for 
ahsorhing it. If, however, from any circumstance, the water 
be prevented or delayed in gaining access to the plate, the 
steam will in a like degree be obstructed in leaving it; the 
presence of the former being the very means by which the 
latter will be effected.^ 

Thus the heat which, in such case, cannot be taken from 
the plate, must remain in the plate—its function being then 
changed from that of a transmitter, to that of an ahsorher ; 
the whole process of evaporation being then deranged, as 

* The celerity with which heat is communicated from hotter bodies to 
colder ones, when all other things are equal, is proportional to the extent of 
contact and closeness of communication between the bodies.—Thompson 
on Scat and Electricity. 
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will be seen when we come to tlie consideration of tbe 
causes wMcb affect its durability. 

Again, tbe mecbanical structure of tbe two bodies (water 
and steam) bas much to do with tbe quantity of beat 
absorbed. Water is composed of an infinity of atoms so 
minute as to be utterly inappreciable. ISTow, tbis very cir¬ 
cumstance multiplies to an extraordinary extent, its points 
of contact with tbe beat transmitting surface. Steam, on 
tbe other band, is a series of inflated globules, each of which 
is 1800 times larger than tbe atom of water from which it 
proceeded ; necessarily producing greater dififlculty of access 
to tbe plate, and fewer points of contact with its surface. 

Tbis very fact, then, supplies a scale by which we are 
enabled to appreciate tbe superior facilities of contact which 
water possesses over steam—if due circulation be obtained; 
and tbe greater rapidity with which tbe former is enabled 
to take up beat, and its enlarged capacity for retaining it. 

We have next to consider tbe relation which circulation 
bas to tbe durability of tbe plate itself. 


CHAPTER XII. 

OE THE CIRCULATION OE THE WATER IN RELATION TO 
THE DURABILITY OE THE PLATES. 

Hating!- considered tbe circulation of tbe water as regards 
evaporation; distinguishing tbe separate functions of the 
beat transmitter, and tbe beat reeijyient, we have now to 
examine its bearing on tbe durability of tbe plates. 

In tbe first marine boilers, tbe flues were made deep loitli 
narroio water spaces, usually about four inches wide. The 
object, then, was to combine tbe two essentials—adequate 
length of run in tbe flue, with sufficient heating surface. 
Among tbe disadvantages of tbis arrangement of tlie flues 




156 


THE OOjHBITSTIOK OF COAL 


waSj the recurrence of injury to the plates in the region of 
the furnaces by becoming over-heated. Although this evil 
of over-heating continues to be experienced, the direct cause 
of it has remained without due inquiry. Its recurrence was 
usually attributed to neglect on the part of the fireman, or 
the want of sufficient water in the' boiler; hence more im¬ 
portance was attributed to the necessity of having “ careful 
and experienced stokers,” than to the remedying the de¬ 
fective construction of the boiler itself. 

If the water indicated a level above the flues, all was 
considered right, and no thought was given to the possibility 
of its being deficient below or around them. Yet experience 
has shown, that although everything indicated a proper 
height of water in the boiler, the plates, particularly those 
connected with the furnaces, were, nevertheless, subject to 
be over-heated and injured. In such cases, if the iron was 
laminated, or otherwise of inferior quality, it became cracked, 
or burned into holes. This state of things was strikingly 
illustrated in the boilers of the Great lAverpool ” steam¬ 
ship, on her first voyage to New York, in 1842. The en¬ 
gineer, observing the side plates of the furnaces constantly 
giving way—some bulging and others cracked and leaking, 
and even burnt into holes, although there was always a 
sufficient height of water in the boiler, suspected something 
had interfered to keep the water from the plates, and with 
the view of testing it, introduced an inch iron pipe from the 
front into the water space between two of the furnaces. 
This at once brought the source of the evil to notice; 
for although the glass water-gauge always indicated a 
sufficient height of loater within, yet nothing issued through 
the pipe but steam, so long as the boiler was in full 
action. 

This fact unmistakably showed that the over-heating of 
the plates was unconnected with the duties of the fireman, 
and was the result of insufficient circulation, depriving the 
deep narrow fiue-spaces of an adequate supply of water. 












































AND THE PREVEK-TIOH OE SKOKE. 


157 


There was then, manifestly, ne remedy for this continually 
recurring evil, and a new boiler became necessary. 

Here then was the exact case suggested by Mr. Murray,^ 
when he says, “ It is a point of the utmost importance that 
no part of the heating surface of a boiler should be so 
situated that the steam may not readily rue from it and 
escape to the surface ; since the plate, if left in contact with 
steam instead of water^ 'becomes unduly heated and destroyed^ 

17ow, we overlook the fact, that the only remedy against 
this source of injury is, providing adequate circulation of 
the water^ since the steam cannot “rise from the plate 
surface f and must remain in contact with it, until water or 
other globules of steam take its place and force it upwards; 
consequently, if the approach of the water be slow, so must 
be the rise of the steam. There can be no vacuum; no 
interval between the approach of the one and the escape of 
the other. Either water or steam must be at all time 
contact with the plate: the relative time, occupied by either 
in obtaining this contact, will therefore decide the question 
of the amount of evaporation, and the temperature of the 
plate. 

The important point then for inquiry is, Why was the 
plate thus left in contact with steam instead of water ? 
There was here no apparent impediment to the steam rising 
to the surface. Tliere was, however, as we shall see, extra¬ 
ordinary difficulty of access to the water to dislodge the 
steam; and, as Dr. Dre observes, it must remain, until 
forced upwards by colder and heavier atoms of imterP 

As the details of this boiler of the LiverpooV^ will afford 
opportunities for comment, on what is practically necessary 
for promoting circulation, they are here annexed. 

Dig. 93, Plate 5, is a plan of the boiler, showing the 
ten furnaces, and the narrow water-ways separating the 
series of narrow dues, 

* Treatise on the Marine Irnf/tne, hy Robert Murray, C.E. London, 
John WealCo 
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rig. 94, Plate 6, is a section from A to B, showing the water 
spaces of 5 feet deep hy 4 inches wide, and the direction in 
which the water approached the side and crown plates of the 
furnaces. The loftom horizontal water-space is here seen, 
of hut 5 inches deejp, and from which all the vertical spaces 
were to le supplied. This bottom space was also found to 
be much obstructed by sediment and other deposit. Here 
we see the direction the water had to take in its downward 
course was through one narrow four-inch space ; and then 
to be distributed over the bottom area of above 500 square 
feet in its way to the vertical spaces between the furnaces 
and flues. 

Pig. 95, Plate 6, is a section across the furnace end of the 
boiler, from C to D, showing the eleven narrow water 
spaces, and into one of which the trial-pipe was introduced, 
as abeady mentioned. 

Pig. 96, Plate 6, is a cross section of the after-part of the 
boiler, from E to P, showing the sixteen water spaces 
between the flues. 

It may here be observed, that the side plates of the ten 
furnaces, which, as being the hottest, requbed the largest 
supply of water, were, necessarily, the worst supplied, being 
the farthest from the narrow downward current at the bacTc 
end. It is here manifest that the furnace side-plates could 
not have been adequately supplied with water, to take the 
place of the great volume of steam generated from their 
surfaces, and, consequently, that the steam must have been 
retained in contact with them. It can no longer, then, be a 
matter of surprise that the sides of the furnaces became 
over-heated and injured. 

In this boiler, the ten furnaces being all at one end, the 
water taking the coolest place for its descent, would natu¬ 
rally flow along the surface from front to rear, as shown by 
the arrows. Pig. 94, Plate 6. (The construction of this 
boiler, as regards what takes place within the flues^ will 
be further noticed in the Chapter on “ Braught^^ 
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The first boilers of the Great Britain" Steamer give 
another iUustration of the difficulty the water had to en¬ 
counter in obtaining access to the vertical spaces, and the 
thirty-sk crown surfaces of that number of flues as shown 
in Pig. 97. The lower or furnace range of the triple tiers 



of flues was 5 feet deep, the second 4 feet, and the third 3 
feet; the numerous vertical water-ways, though Ut 4 inches 
wide, had an aggregate of no less than 12 feet deep. ISTo 
adequate or separate space, however, was provided for the 
doionward cavvent of the great quantity of water that must 
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momentarily, have been required to supply so many ascending' 
currents; the consequence was, that the ascending steam 
had to struggle against the descending current of the water, 
while the latter, in its way, was obstructed in reaching the 
plate-surface. Thus, the rapid generation of steam, and 
free access of the water to the plates, were both impeded 
in their respective functions. 

Another source of injury supposed to arise from the 
thicTcness of the plates, here merits attention. On this head 
Mr. Craddock, advocating the use of thin plates, but over¬ 
looking the question of circulation, and the character of the 
recipient of the heat, falls into the common error. “*We 
know,” he observes, “that boiler-plates of | or i inch thick, 
are often heated very considerably, on their exterior, above 
the temj^eratiiTe of the water in the boiler. This is known 
to take place to such an extent, practically, as rapidly to 
deteriorate such parts of the boiler.” 

How this extraordinary alleged fact has been ascertained 
does not appear. Tet, a dictum, so opposed to all expe¬ 
rience. should have been supported by experiments or proof. 

this supposed heating and deterioration of the 
must either be a constant or an occasional effect, 
•"er, we know it is not. The latter, therefore, must 
■‘■'‘'e result of some unusual and disturbing cause, 
has not explained. It is this cause which has 
ced, and which here demands special inquiry. 

, plates are often over-heated and deteriorated; 
assuredly, however, it has not been owing to their thickness. 
Indeed, when over-heating does occur, thickness is a positive 
protection. It may then be taken for granted, that, as to 
the plate being injuriously heated, such is absolutely im¬ 
possible, f the water be in contact with it. This, then, is 
the practical point involved in the question of circulation. 

[Further, he observes: “ We have not good data from 
which to draw unexceptionable conclusions as to the abso¬ 
lute difference of temperature between the external surface 
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of the boiler-plates, or tubes of different thicknesses, with 
an intense fire acting on them and the water they contain^ 
Certainlj we have no such data^ since no appreciable differ¬ 
ence can possibly exist between the temperature of the 
plates, and the water in contact with them. 

The true question here is, whether the water was or was 
not in contact with the ^plates ? It is manifestly the over¬ 
looking this all-important point, or the assuming that the 
water had such contact, in fact, begging the whole question, 
that has led to the error of drawing a distinction between 
the temperature of the two surfaces of the plate. Such a 
distinction, however, would be directly at variance with the 
laws of conduction, as it assumes a degree of congestion of 
the heat on the one side, and of exhaustion on the other, 
although the distance the heat would have to travel would 
be but half an inch. This possible injury to iron plates, 
continuing to be thus asserted, demands a further inquiry. 

l!^*umerous authorities might here be quoted; it will, 
however, be sufficient to say that had any sucli fact heen 
proved, it could not have escaped the attention of Dr. 
Lardner.^ On this head, he only confirms what the highest 
authorities have stated, when he asserts that a vessel cannot 
be injured by heat, so long as it contains any liquid; that 
is, so long as the liguid is in contact with it. 

That the transmitting plate cannot be “unduly heated 

* The absorption of heat,” the Dr. observes, “in the process by which 
liquids are converted into steam, will explain why a vessel containing a 
liquid, though constantly exposed to the action of the fire, can never, while 
it contains any liquid, receive such a degree of heat as might destroy it. A 
tin kettle containing water may be exposed to the action of the most fierce 
furnace, and yet the tin, 'which is a very fusible metal, will remain un¬ 
injured. The heat which the fire imparts to the kettle is immediately 
absorbed by the bubbles (atoms) of water which are converted into 
steam, at the bottom, and rendered latent in them. So long as the 
water is contained in the kettle, tliis absorption continues; and it is im¬ 
possible that the temperature of the kettle can exceed the temperature 
of boiling water. 
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or destroyed,” wliere tlie recipient of tlie heat is water, may 
be tested in many ways. Water may be boiled in an egg 
shell, or in a vessel, the bottom of which, though made of 
card jpaper, will not be injured. That the temperature of 
an iron vessel of even half an inch in thickness, containing 
boiling water, cannot be much, if any, above that of the 
water, may be tested by .applying the fingers to it, immedi¬ 
ately on being removed from even an “intense fire.” In 
fact, the temperature will rather appear to increase after its 
remoml from the fire. The reason is obvious :—the heat 
being so rapidly taken up and absorbed by the water, its 
current through the plate must necessarily be equally rapid. 
On removal from the flame, however, the exterior surface, 
then receiving no further supply or increment of heat, is 
instantly reduced in temperature; the current through the 
plate then becomes reversed, and passes from the inside to the 
oudside. The water side being absolutely the hottest, a new 
equilibrium is established, equal to that of the water at 
212 °.* 


Fig. 98. 
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The figures 98 and 99 represent vessels of half-inch 
both filled with water, in the act of boiling over a pow 
flame. In fig. 98, the course of the heat is shown bj tnt 
arrows passing from the flame through the half-inch of iron 
to the water inside, for the formation of steam. In Tig. 99, 
the vessel is supposed to have been suddenly removed from 
the flame; the arrows show the then reversed direction of 
the current of heat from the water side, where it continues 
at 212°, to the outside, where it would soon, otherwise, 
have been cooled by the lower temperature of the air. 


Tig. 99. 



As to the plate remaining at a safe and comparatively 
low temperature, there can be no doubt, seeing that oxida¬ 
tion or injury does not take place in iron, until it has 
reached that of redness, and which never can occur so long 
as water is in contact with it. When, therefore, the asser¬ 
tion is made, that plates have been heated so considerably 

*a flat bottom and lialf-incti tliick plate was placed over a furnace, expressly 
constructed, so that it might be exposed to a very great heat from a coke 
fire, urged by a strong blast: the rapidity of the ebullition was extreme. It 
was so arranged, that it could be suddenly removed from the furnace, and 
the temperature of the bottom instantly ascertained by the touch of the 
fingers. This was done repeatedly, yet, on all occasions, it scarcely ap¬ 
peared to have the temperature of boiling water. 
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above the temperature of tbe water as to be rapidly deterio¬ 
rated, tbis could only be made on tbe assumption that water 
was in contact with tbe plate, but wbicb was not tbe case, as 
in tbe boilers of tbe Great Liverpool, already mentioned.^ 

A conclusive illustration of tbe fact, that tbe plates are 
in no way affected by thickness or temperature, is afforded 
by finding that, in breaking up old boilers, those parts wbicb 
were exposed to tbe most intense beat and direct impact 
with tbe flame, have continued sound, and wholly undete¬ 
riorated, when tbe water bad free access to them. 

With tbe view of testing tbe superior beat-absorbing 
faculty of water, numerous experiments were made: tbe 
result is tbe following tabular view, wbicb sufdciently 
approximates tbe relative effect of tbe several classes of 
recipients to wbicb tbe plates of a boiler may be exposed. 
Supposing, then, that tbe beat-transmitting power be taken 
at 1000°, tbe portion that will be absorbed, in given times, 
by tbe following recipients, may be estimated as follows:— 

Heat received by Portion of tae heat Portion of the 
Nature of the recipient. the plate transmitted heat remaining 

in given times. by the plate. in the plate. 

Water . . IjOOO'’ 1,000® none. 

Water and Steam 1,000® 800® 200® 

Steam . 1,000® COO® 400® 

Air . . 1,000® 400° 600° 

Thus, a given area of plate surface, after it has received 
its own status of temperature, will transmit tbe entire 1000° 
it bad received, if the recipient he loater. If, however, it be 
steam, 600° only will be taken from it, tbe remainder, 400°, 
necessarily remaining in the plate, there to accumulate and 
increase in temperature, in proportion to tbe intensity of^ 
tbe flame. 

So, if tbe recipient be air, 400° only will be taken from 

* Dr. Tire gives a remarlcable illustration of tlie little effect caused by 
tlie tbickness of tbe plate, if tbe water be in contact with it ; stating that 
he bad experimented with plates of twelve times tbe tbickness of others 
without producing any injurious effect. 
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tlie plate, leaving 800° to accumulate. Erom tliis we learn 
liow the absorbing faculty of the recipient regulates and 
controls the transmitting action and temperature of the 
plate, and the extent to wbicb it will be exposed of being 
unduly heated. The want, then, of free and adequate 
means of circulation of the water, and an unobstructed access 
to the plate, so that it may, at all times, be the recipient, 
may be taken as the chief, if not the only cause of their 
deterioration tJiroiigh over-heating ; and wholly irrespective 
of thickness, or the degree of heat to which it may be 
exposed. The temperature and durability of the plate will 
therefore be in the inverse ratio of the rabidity of the current 
of heat passing through it, while such transmitting current 
will be in the direct ratio of the dbsorling power of the 
recipient, whether it be water, steam, or air, or a mixture 
of either. 



CHAPTEE XIII. 

OE THE DEATIGHT. 

The draught, or current of air passing through a furnace, 
is occasioned by the difference in weight betw'een the 
column of air within the chimney, and that of an external 
column of the same proportions, — the ‘^ascent of the 
internal heated air,” as Dr. Uve observes, depending on 
the diminution of its specific gravity,— the amount of 
unbalanced weight being the effective cause of the draught.’* 
Since, then, this levity of the inside air is the result of 
increased temperature, the question here for consideration 
is, how that temperature may be obtained with the least 
expenditure of fuel ? 

In marine boilers, numerous cases of deficiency of draught 
will be found to arise from an injudicious arrangement of 
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the flues, and the conflicting currents of the heated products 
within them. 

Notwithstanding the importance of the subject, still but 
little attention has been given to the causes of these 
currents and deficient draught- M. Peclet having examined 
the subject with great care and practical research, his 
details are so copious, and his remarks so much to the 
point, that it will he well to give them due attention, and 
the more so as the subject has not hitherto been examiued 
bj anj writer in England. 

Among the inconveniences experienced, a prominent one 
maj here be mentioned, as being of frequent occurrence, 
namely, a deficient draught in the side or loing furnaces of 
boilers. 

M- Peclet observes, “ "Where several tubes or flues open 
into one common flue, the currents are continued beyond 
their orifices, and by their mutual action aflect or modify 
their respective forces. If, for example, two flues, A and 
and B (see Pig. 100) enter the common flue C, by orifices 


Fig. 100. Fig. 101. 



opposite each other, the influence of their currents on each 
other will be nil, if they have equal rapidity; because 
the whole will pass as if they had struck against a plane 
fixed between them. If, however, the currents be unequal, 
that which has the greatest rapidity loill redAice the speed of 
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the other, and more or less have the effect of closing the 
orifice through which the latter flowed.” So many proofs 
of this,” he adds, “may be adduced, as to put the fact 
beyond doubt.” “These streams of air,” he continues, “in 
this respect, act on each other as streams of water. It is 
already known by the experiments of JSavart, that where 
two streams of water, of the same sectional area, act in 
opposite directions, and that one of them has even but a 
little more speed than the other, the latter is pushed back, 
and the influence felt up to its source. The result of this 
collision in the flue may be avoided by the Diaphragm D 
(Tig. 101).” Such conflicting currents may be found in 
almost all marine boilers, yet pass unnoticed, even where 
the draught is manifestly deficient in consequence. 


Fig. 102. Fig. 103. 



Again, “ Phen©mena of the same kind will be produced 
where the courses of two flues are at right angles to each 
other, as in Tig. 102. These effects may also be avoided by 
the Diaphragm D (Tig. 103).” This also is of frequent 
occurrence, and seriously affects the general draught, as will 
hereafter be shown. 
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Again, “Where the chimney or flue is common to £ 
furnaces, the arrangement should be such that the st 
or currents, of heated gas, should not interfere witl 
other. Pig. 104 represents the arrangement that 
be adopted in such cases.’’ It is needless to observ 
frequent this state of things occurs, and how little att 
is given to it. 

Fig. 104. 



“ So, where a current of hot products issues horizc 
into a chimney, it may happen that its draught woi 

Fig. 105. 



entirely destroyed^ if the rapidity of such current wa^ 
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sideraWe, as it would tlien liave tlie effect of shutting the 
chimney like a damper.” He then describes what occurred 
at a soda manufactory, with a chimney for general draught, 
which he had to construct, and which was also connected 
with a flue from another apparatus, as shown in Fig, 105. 
In this case, “ the current from the one flue completely 
neutralised that of the other.” This he remedied by thf 
partition P. 

Again, where three flues enter a funnel from th 
ferentpoints^ it is evident, he observes, that “the dia'- 
should be so placed as to leave each current a’^ 
section of the chimney,” as in Fig. 106. The ci 
here referred to may be found to exist in almost 
boilers. Barely, however, is the interpositio: 
diaphragms thought of, yet numerous install 
derangement of the draught, particularly of tL. 
boilers, must be within the knowledge of all engineers 


Fig. 106. 



Let US now apply these judicious practical observations. 
I'he first boilers of the “ Great Britain,^' screw steamer, are 
in point. The arrangements of these boilers have already 
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engineer stated, .that the wing hollers were unequal in 
draught to the centre ones. The deficiency of draught in 
the furnaces of the side boilers will easily be accounted for 
on examining the plan of the upper tier of flues, and the 
numerous collisions where the heated products from twenty- 
four large; furnaces entered the funnels, as shown in Tig, 
107. 

The. flues, from the four, furnaces of each wing boiler, are 
here made;to enter; one common cross flue—each thwarting 
the current of the preceding one. No. 1 being checked by 
No. 2 —which crosses it at right angles—which, in its turn, 
was checked by No. 3, and so on—the same mal-arrange- 
ment taking place in each of the sixteen flues of the four 
wing boilers. These, it will he seen, are the direct cases 
adduced by M. Peclet, where the products and current 
from one flue act as a damper on the d/i'augTit of its jgreceding 
one. 

Again, the joint products of the four flues of each wing 
boiler are made to enter the funnel by a single opening, 
which is not only at right angles with the flues from the 
four centre boilers, but directly opposite to those of the wing 
’boilers on the other side. Thus the flues of no less than 
eight furnaces, all entering by a single opening, are brought 
into direct collision with those of the other four, and in the 
most certain way to aflect the draught of all. Here we 
have a combination of the evils referred to by M. Peclet. 

The case of the boilers of tbe Great Liverpoolf is a 
still greater violation of the rules which should regulate the 
draught. Here, there being but a single tier of flues, tbe 
required aggregate of heating internal surface was obtained 
by the labyrinth of windings shown in Pig. 108, Plate 7. 

In the first place, the flames from the three centre fur¬ 
naces of each half of the boiler are forced into a single flue 
of but 131 inches wide, as shown by the arrows. Again, 
the gaseous products of each set of three centre furnaces, 
and which are necessarily the more powerful, are made to 
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enter the single hack flue at right angles, and across the 
current of products from the two wing furnaces, as shown 
by the enlarged view in Pig. 109, It is scarcely possible to 
conceive a more direct case of collision, or a more effectual 
damper by the hotter and larger current from three fur¬ 
naces, on the smaller current from the two wing furnaces. 
In these boilers, it is manifest that nine-tenths of the steam 
was produced by the plates in connection with the furnaces 
alone, and by a system of continued forcing; the long run 
of flues being filled with dense black smoke. 


Fig. 109, 



A considerable improvement was eflected by constructing 
furnaces in^gairs, as in Pig. 110. This had the important 
advantage of rendering any interference with the supply 
of air unnecessary, by giving uniformity to the quan¬ 
tity of gas passing from the bridge to the flue; since, by 
firing the two furnaces alternately, the supply of gas is 
equalised on entering the flue from the bridges. 

This plan, it will be seen, had the disadvantage of the sglit 
flue at the back end, where, as M. Peclet observes, the hotter 
or stronger current will always neutralise the other. In 
practice, a strong or hot current of gaseous products will 
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not, voluntarily, divide itself, to meet the arrangements of 
the flues: the whole, or nearly so, will pass either to the 
one or the other, in proportion to the temperature then in 
the flue, or to the length of the course each has to run to 
the funnel. 



The x)lan shown at Tig. Ill exhibited a great improve¬ 
ment in the former, and has for many years been found 
the most efficient in practice. 
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The plan, as in Tig. 112, was adopted with' the view 
of dividing the gaseous products, and thus spreading the 
heat along a double surface. This, liowever, was quite 
defective, in as much as a gaseous stream cannot be induced 

___ 


to divide itself contrary to the laws governing the currents 
of fluids; the hottest and shortest course being always 
taken by the gaseous products. 

The plan of a land boiler, as in Tig. 113, is that of a 
still more objectionable eflbrt to divide the current into 
two smaller flues, with the view of increasing the internal 
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surface. Here, tbe flue,' after passing under tlie cylindrical 
boiler, and returning tbrougb a central due, is expected to 
divide itself into two streams^ one to pass on eacb side of 
tine boiler, on tbeir way to tHe chimney. This is the case 
referred to by M. Peclet. A commission, be observes, from 
the Societe Industrielle of the Grrand Ducby of Hesse, made 
a series of experiments to determine the influence of tbe 
circulation of the products of combustion round boilers. 
By these it was proved, that the flue passing round the 
boiler had a considerable effect on the amount of evapo¬ 
ration. It was also established, that if the products pass 
simultaneously by the two side flues, they will not distribute 
themselves equally^ and will only ^ass by that which presents 
the least resista/nce.^ 

On the external circumstances that influence the draught, 
M. Peclet adduces many proofs of the importance of avoiding 
any interference with the introduction of the air, by reason 
of the direction of the wind outside the building* This is a 
circumstance which has excited no attention from our 
engineers. In marine boilers, placed low down in the 
vessel, the direction of the wind, with reference to that of 
the current entering the furnace, has often a considerable 
effect on the efficiency of the combustion. So, if the wind 
is opposed to the motion of the vessel or the reverse. The 
importance of this consideration is exemplified where the 
vessel contains two boilers, having their furnaces facing 
different ways. In such case, according to the direction of 
the wind, or the motion of the vessel, one boiler will have a 
better draught than the other. 

The hot ah, after having passed through the lower part of the 
hoiler, returns to the front by a centre flue, and passes to the chimney 
.-simultaneously hy two side flues. By this arrangement, the heating 
snrfaces are more available, but it is difficult to divide equally the hot 
.air into the two side flnes. Almost always the current is greater in 
one than in the other, and the hot air will pass but through one of them. 
In that case it will be necessary to have registers at the end of each.'” 
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That the relative direction of the wind, and the vessel, 
exercises a considerable influence, is proved by the fact, 
that the furnaces in some vessels will have a sufficient 
draught, and generate a sufficiency of steam, when going 
head to wind, but be deficient in draught when going lefore 
the wind. These circumstances merit more attention than 
is given to them. We hear of the relative merits of two 
steamers, on a trial of speed, being determined by a slight 
advance of the one compared with the other;—the supe¬ 
riority of the former being perhaps attributed to the form 
of the vessel; the true cause, however, often depending on 
the letter command of draught, and, necessarily, a better 
command of steam, by which the one was enabled to make a 
revolution of the wheels, or screw, more than its rival. In 
a late discussion at the Society of Arts, on the subject of 
the prevention of smoke, Mr. D. K. Clark “ testified to the 
advantage of a rapid, or rather, intense draught, in per¬ 
fecting combustion and extinguishing smoke.*’ “ This,” he 
observed, was the panacea he constantly held forth for the 
universal prevention of smoke in large furnaces.” Mr. 
Clark’s views are, unquestionably, well founded; but the 
practical difficulty lies in the obtaining this ^‘intense 
draught,” or an adequacy of draught for even imperfect 
combustion, in many marine boilers. 

The absolute command of draught for the generation of 
the required quantity of steam, to enable the engines to 
work to their full power being then so essential, it becomes 
a question whether other meam than the natural draught 
should not be resorted to; since, independently of the uncer¬ 
tainty in the amount of draught, and the consequent irre¬ 
gularity in the working efiect of the engines, the cost of 
sustaining that draught may be so much in excess of what 
an artificial draught would be. 

This branch of the subject has excited little attention in 
this country. M. Peclet has investigated it with his usual 
care, and his results are worthy of record, Where the 
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drauglit,’’ lie observes, created tbe expenditure of 
fuel and heat, the expense exceeds one-fourth of the com- 
lustille used. If we have not the means of otherwise 
employing that heat, the natural* draught, by the chimney, 
is then admissible. If, however, that heat may be made 
available for the purposes of evaporation, and if a draught, 
mechanically ohtainedj would cost less, it would then be 
more advantageous to use it.*’ 

Among other proofs, he gives two instances which 
establish the fact. One, the hot baths on the Seine at Paris, 
the result of which was, that what was effected by the 
labour of one man alone, when the draught was mechanically 
produced, cost the value of seventeen men’s labour when pro¬ 
duced by the natural draught from the heat of the furnace. 

The second case was that of a large brewery, where the 
power employed was that of 200 horses. In this instance, 
a ventilator which employed the power fif hut six horses^ 
was suficient to produce a draught egual to that of 50 
horses^ obtained by means of the natural draught of the 
chimney.^ 

He then proceeds to consider the relative merits of the 
several descriptions of ventilators; and comes to the con¬ 
clusion, that the rotary fan with plain wings, but with the 
eccentric motion is to be preferred. The mode recommended 

Mr. Prideaux, in Lis rudimentary treatise, observes, “However com¬ 
patible with tbe objects sought to be attained may be the plan of keeping 
up the draught through a fire, by tbe instrumentality of a chimney, where 
slow combustion only is required, as in the case of a domestic grate, or the 
Cornish boiler : whenever, on the contrary, rapid combustion and intense 
beat are a desideratum, such a system can only be carried out by an 
enormous waste of fuel. I shall, no doubt, excite general surprise, and 
perhaps some incredulity, when I state that, from a calculation I entered 
into on the subject, I find that 1 lb. of coal, expended through the mecha¬ 
nical agency of a steam engine, will generate more force, and, conse¬ 
quently, is capable of producing a stronger current of air, than 500 Ihs. of 
coal expended in heating a column of air, to act by its diminished specific 
gravity through a chimney 35 feet high.” 

I 3 



This opens a new field of inquiry, and which is far more 
important than any question arising from the mere relative 
cost of the natural or mechanical draught, the best con¬ 
structed boilers not unfrequently being insufficient, from 
the mere circumstance of a deficient draught. 

Impressed with the importance of the subject, several 
experiments by means of a fan apparatus, worked by a small 
steam engine, were then made. The arrangement, as 
described in Tig. 115, Plate 8, also afforded the means 
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of deciding many important points connected witk the 
length of run,—^the working temperature in the flue, and 
that of the escaping products at the chimney. In this Kg. 
A, represents the hoiler, 15 feet long, with an upper re¬ 
turning flue, having its own chimney A! furnished with a 
thermometer C, and a damper D, Houldsworth’s pyrometer 
P, being connected with the return flue farthest from the 
furnace. Two sight apertures were introduced,—the one 
at S, opposite the furnace, to observe the action of the air, 
introduced through the door and air-box above it, as already 
described ; the other S' looking into the upper flue. 

To test the practicability of converting the great heat 
which escaped by the chimney, an auxiliary boiler B was 
attached, by means of a continuation flue E, and furnished 
with a separate chimney B, with an exhausting fan E, to 
produce an increased draught. This auxiliary boiler had 
two thermometers, to ascertain the temperature of the 
escaping products, C' and C", and a damper D\ so that the 
two boilers might be used separately or conjointly. 

Experiments with the auxiliary boiler and exhausting fan 
draught:— 


Experiments. 

Coal used 
per hour. 

Water 
evaporated 
per hour. 

Water 
evaporated 
per lb. of 
Coal. 

Pyrome¬ 
ter heat 
in flue. 

Tempera¬ 
ture of 
heat es¬ 
caping. 

1 'Witli fan drauglit. 

265 lbs. 

2454 lbs. 

9*26 lbs. 

1025“ 

650" 

2 Witli ordinary ? 
cliimney draught) 

215 lbs. 

1552 lbs. 

7*21 lbs. 

725° 

o 


The effect produced by the fan draught was thus not only 
to increase the evaporative power of the boiler, within the 
hour, from 1552 to 2454 lbs. of water, but to increase the 
evaporative effect from each ^ouncl of coal imd, from 7*21 
to 9 26 lbs, within the hour. 

Numerous other experiments were made with and with¬ 
out the flin, and with and without the auxiliary boiler ; all 
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confirmatory of th© valuo of tlie artificial drauglit, and of th© 
increased lineal run of flue. 

It may here be observed, that experiments on heating and 
evaporating must be utterly useless, unless due attention be 
given by the experimenter to what has hitherto been so 
neglected, namely, the quantity of heat esca;pioig by the 
chimney; the extent of the transmitting power of the 
boiler; and the ascertaining whether the process of com¬ 
bustion had been complete. The above described apparatus 
supplies the means of ascertaining, and with great accuracy,-— 
1st, the evaporative value of different descriptions of coal or 
coke ; 2nd, the effect of greater or less lineal run; 3rd, the 
temperature in the working flue, indicative of the amount of 
heat produced throughout each charge of fuel; 4th, the 
length, character, and colour of the flame ; 5th, the quantity 
of air required by each kind of coal or coke, and the most 
effective way of introducing it; 6th, the weight of water 
evaporated in any given time, and by each pound weight of 
fuel.* 

In proof of the utter uselessness of experiments, unless 
accompanied by such data, may be mentioned the elaborate 
paper presented to the Society of Arts for Scotland. In the 
details of the several experiments, the distinctions here 
drawn were wholly overlooked. The result was, the learned 
experimenter was led to results and inferences altogether 
erroneous. 

His paper was “ On the evaporative powers of different 
grkinds of Coal;” but, neglecting to take account of the 
quantities of heat or heating matter carried away or lost, 
and the quantity of gas escaping unconsumed, or converted 

* I have given the above details, as they indicate what are the essentials 
in all boilers constructed for experimental purposes. So accurate were the 
results when tested by the eye, the pyrometer, and the thermometer, that 
it has for many years been the custom of coal owners to ascertain by this 
boiler the effective value of each description of coal ; themselves, or their 
agents, superintending the operation. 
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into smoke, he came to the conclusion that, “ the evaporative 
power of each kind of fuel is in the exact ratio of the fixed 
carbon contained in each,^^ It is needless to say, that such 
an inference is entirely disproved by modern practice. 

A few words here may be said on the subject of quick 
a7id slow comhustioi, as being connected with that of draught. 
The impression that a process of slow combustion is more 
economic than a quick process, has arisen from the fact, that 
a given weight of coal will convert a greater weight of water 
into steam under the former than the latter. Were the 
sole object the obtaining the largest measure of heat from a 
given weight of fuel, as, for instance, in heating an apart¬ 
ment by means of Dr. Arnott’s stove—in such case slow 
combustion would be attended with the greatest economy. 
In tlic use of coal, however, for the supply of steam to an 
engine, the question is of an essentially different character. 

] t would thus be, not how many pounds weight of water 
may be evaporated by each pound of fuel, but how many 
pounds of water can be converted into steam by the smallest 
quantity of fuel within an hour, or any given time. Time is, 
in fact, the test of efSciency. The following experiments 
will illustrate the merits of the two systems. 

Coals bunit VVutor evaporated Water evaporated 
l)or hour. licr hour. per lb. of coal, 

lbs. lbs. lbs. 

GoiuLusUou 84 787 9*37 

C^uick Goiubiistion 224 1362 C’08 

Now, if no more steam w^as required for the engine than 
w'ould bo produced from 787 lbs. of water ivitUn the hour, 
slow combustion would be the most economic. If, however, 
the engine required the steam of 13G2 lbs. of water per 
hour to work to its full and required power, then quieJe 
combustion would he the most desirable, as being the most 
enicieiit. 

Suppose, for instance, a steam ship required, that the 
wheels should make 20 revolutions per minute, and that, to 
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produce sucli, the engines required the steam of 1362 lbs. of 
water ^er hour, what compensation for the consequent loss 
of speed would it be, that although the wheel made but 12 
revolutions per minute, yet economy of fuel was secured, in 
as much as each pound of coal did more duty, in the ratio of 
9-37 to 6’08. 

Thus, it is evident, that economy and efficiency may be 
antagonistic,—economy of fuel being waste of time, and 
waste of time being waste of power. In practice, then, and 
with marine or locomotive boilers, it may be taken as 
established, that raffid combustion is more economic of time, 
and slow combustion of fuel. 


CHAPTEE XIV. 

OE THE THBTJI/AR SYSTEM AS APPEIED TO MAEIOT, LAITI), 
AKD XOCOMOTITE BOILERS, IK REPEREKOE TO THE 
CIRCTJLATIOK OE THE WATER AKD THE PROCESS OE 
COMBXrSTIOK. 

HAYiKa considered these subjects in reference to flue 
boilers, we have now to examine them in connection with 
the tulidar system. The annexed views of a locomotive 
and a tubular boiler will enable us to appreciate their 
respective peculiarities. 

In the locomotive, Pig. 116, the furnace compartment 
(called the fire-box) is placed at one end of a long boiler, 
and so apart from the tubular compartment, that, as 
regards the objects of circulation and evaporation, they may 
be considered in the light of separate boilers. 

In the marine boilers, as in Pig. 117, on the con¬ 
trary, the tubes, placed directly over the furnaces, become 
enveloped in the atmosphere of steam generated, and 
rising from the latter. This is virtually the placing one boiler 
over another:—a tubular over a fine boiler, and within the 
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So also of the water; it can neither ascend or descend 
without first working its way through the intricate mazes 
presented by tbe tubes:—no more certain method, therefore, 
could have been devised for producing a mischievous inter¬ 
ference with the respective functions, both of the water and 



the steam. Here, then, is another violation of the principle, 
that no part of the heating surface should be so situated 
that the steam may not readily rise from it, and escape to 
the surface of the water.” 
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Duly to appreciate these obstructions, let the inquirer 
only ask, what direction it was intended the steam should 
take on rising from the sides and crown plate of the furnace; 
or the water in its ascending and descending currents ? On 
such an inquiry, it will probably be found that the projector 
had never considered the circulation or currents of either 
steam or water, or even thought such an inquiry necessary. 

So little, indeed, has the “ free escape of the steam to the 
surface,” or the currents in the water, been thought of, that 
we not unfrequently find the congeries of tubes arranged, 
not in vertical lines; but so alternated that each directly 
intercepts the currents both of the steam and water rising 


Fig. 118. 



from that below it, as showni in Pig. 118 ; as if it had been 
expressly intended to obstruct circulation than promote 

it, and keep the tubes continually enveloped in steam rather 
than water ;—both having to run the gauntlet through a 
zig-zag course of narrow and intricate passages. 

Dr. Dre observes, that ‘^as the diffusion of heat through a 
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fluid mass is accomplished by the intestine currents^ •whatever 
obstructs these currents must obstruct the changes of 
temperature.*' Yet it would be difficult to contrive a more 
effectual mode of obstructing the intestine currents of both 
steam and water. 

In proceeding to consider the marine tubular boiler, it 
will be well to take one of modern construction, and examine 
how far its arrangements are in accordance with the opera¬ 
tions of nature, and particularly as to the following points, 
viz.:— 


1st. The proportions of the furnace. 

2nd. The distance the flame and heat have to travel. 

3rd. The time available for giving out heat. 

4th, The admission of the air. 

5th. The circulation of the steam and water. 

6th. The effects of the tubes, as heating surfaces. 

7th. The economy. 

Eirst.— Of the ^rojportions of the fimtaces. A remarkable 
feature of this boiler is, that its entire area may be con¬ 
sidered as one large furnace, indicating the dependence on 
this department for the supply of steam. As to its several 
parts, there is disproportion everywhere. The chamber 
above the fuel is not one-half the size it should be in 
proportion to its length. Allowing a proper body of fuel 
on the bars, there will not be 12 inches space between it 
and the crown plates; yet in this shallow chamber, and 
under the influence of a rapid current through it, all the 
operations of gas making, gas heating, mixing with the air, 
and combustion, are to be carried on. On this head Mr. 
Murray justly observes,^ ^^As a large furnace is found by 
experience greatly to facilitate the admixture of the gases, 
and to ensure their more perfect combustion, as well as to 
afford the most effective kind of heating surface, it is of 

Hudimentarij Treatise on the Marine Engine: by Eobert Murray, 
€.E. Weale. 
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great importaiiee tliat there should be plenty of tooth over the 
fires:’ It need only be observed, that in this boiler we 
have the very opposite of this recommendation; there being, 
in fact, the least possible ‘‘room over the fires:' 

Fig. 119. 
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and below tbe fuel, hare tbe character of long narrow pas¬ 
sages, causing injudicious longitudinal currents, and coun¬ 
teracting all the processes of nature. 

Second.—Of iJie distance which, the flame and heat have 
to travel. The deficiency is here remarkable, there being, 
in fact, but a few inches of lineal rim between the fuel and 
the first range of the tubes; say from A to B. It may then 
be asked, what is to become of the great body of flame and 
half-burned gases rising from the coal on an area of 20 
square feet, the bars of each furnace being 2 feet 6 inches 
wide, by 8 feet in length; the six furnaces of each boiler 
thus presenting an aggregate bar surface of 120 square feet. 

Now the disposing profitably of this mass of flame is the 
really important question. If left to itself, and duly sup¬ 
plied with air, it would have extended to a distance of 15 to 
20 feet from the bridge, along which course it would 
continue profitably giving out heat, and producing evapora¬ 
tion. All this capability is, however, here sacrificed, since, 
as already shown, flame cannot pass unimpaired, or unextin¬ 
guished, through a series of metallic tubes, and without 
being so affected by that subdivision which weakens and 
destroys intensity. 

The management of flame is, we have seen, at all times 
an extremely delicate and difldcult operation; here, however, 
all the processes of nature are deranged. Here is the largest 
volume of gas and flame, concurrently with the smallest pro¬ 
vision for the admission of air for its combustion;—the 
greatest quantity and intensity of heat in the furnaces, with 
the shortest run, and the least fraction of time for imparting 
that heat to the plate surface. Instead of being allowed to 
pursue its course, and have due time for the combustion of 
its carbon, the flame is here suddenly and mechanically 
divided into three hundred and sixty small portions, by 
being forced into that number of tubes. 

It has already been shown that it is essential to the 
existence of flame that its high temperature he sustained^ 
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until the process of comlustion le completed; yet the most 
effectual means of reducing its temperature, as shown by 
Sic H. Davy, is to hreah: it up (as is here done) into 
numerous feehle portions. The result is, that the carbon of 
the gas (then in the state of flame), instead of' being con¬ 
verted into carbonic acid, and producing a very high tem¬ 
perature, is, by these cooling influences, reduced below that 
of ignition, and then consequently deposited in the form of 
dense smoke and soot. The boiler now before us produces 
unvarying columns of smoke of the blackest 
great, indeed, is the quantity of deposited car’" 
tubes are not unfrequently entirely filled, a " 
permanently choked, were it not that th 
alternately incandescent, and the bars irre^ 
much air then passes, and relieves the tubes c 
carbon; filling the atmosphere and covering uixt 
masses of “blacks.’’ 

Next to the admission of the air^ the length of the run is 
the most important element of efficiency in the working of a 
furnace. Where short tubular boilers are employed in 
steam vessels, the only alternative for avoiding the waste by 
smoke is the use of mthracite coal; and which, as it contains 
but little of the hydro-carbon gases, comes nearest to the 
use of coke in the locomotive.* 

With reference to the shortness, or rather absence, of run 
in this boiler, and looking to the great body of flame pro¬ 
duced, it may be regarded as rather a fortunate circumstance, 
that these masses of tubes are thus interposed, as they 
become the direct means of cutting short the flame and 
intense heat, and thus preventing it from passing to the 
take-up and funnel, and keeping them at the dangerous 
temperature of redness. 

* The owners of the Great Briiainy with tubular boilers, have been com¬ 
pelled to adopt this description of coal; 1000 tons of it being put on board 
for each voyage. The boilers in this vessel are on the close tnbular 
principle. 
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The inference is, that the tubular boiler (accompanied by^ 
a short run, with a large area of fire-grate, and usmg bitu*- 
minous coal) is wholly incompatible, not only with perfect 
combustion, and obtaining the due measure of heat from the- 
fuel and flame, but even with safety, unless under the 
influence of some such protection, or preventive, as these 
tubes supply, and which as effectually extinguish the flame 
as the patent Jire annihilator does, at the moment its con¬ 
tinuance would be productive of danger. This is indeed 
a costly and complicated mode of protecting the funnel and 
up-take. ISTevertheless, it has that effect, though a very 
different one from that which had been contemplated. 

As illustrative of the want of system in this matter, it 
may be mentioned that a land-engine boiler was made at the- 
same time, on the ordinary flue principle, but in direct 
opposition to that of this tubular ;~^the land-hoiler having a 
very long run — the marine-boiler having scarcely any. In 
the former, the flue, after passing under the boiler the- 
entire length of 30 feet, was led round it to the chimney,, 
thus giving a run of 100 feet lineal. Ey this means not only 
surface, but distance and time were secured for obtaining- 
heat from the gaseous products, and transmitting it to the 
water. In this marine-ho^Qv, on the contrary, by means of 
the short run, both distance and time are sacrificed, and con¬ 
sequently heating power lost. It would be difficult, therefore, 
to reconcile the principles on which these two boilers were 
constructed, seeing that their arrangements were in such 
direct opposition to each other. Either the one or the other 
must have been altogether erroneous. 

Third.— Of the time allowed for giving out heat. The 
question of time and distance being so directly connected, 
whatever infiuences the one must have a corresponding 
effect on the other. "When, however, we consider that the 
time or interval that can elapse between the passing the fiame 
from the furnace, and its reaching the tubes, can be but .a 
small fraction of a second-^ such must be wholly insufficient- 
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for giving out tlie heat from so enormous a body of flame. 

In this respect, then, the marine tubular boiler is pre¬ 
eminently defective. The consequence is, that the gene¬ 
ration of steam is almost exclusively confined to the Tegion 
of the furnaoe, and the direct radiated heat from the flame 
ill them. 

I’ourth.—Of the admission of air. No provision whatever 
is here made, apart from that by the ash-pit. The manifest 
error of suoh an ,-arrangement will be best understood by 
pointing to. the utter impossibility of the 300,000 cubic feet 
of air required for the gas, together -with the 600,000 cubic 
feet for the coke from the three tons of coal hourly consumed 
on the bars, to find access through the body of coal resting 
on. them. 

Tifth.—Of the circulation of the water. In this boiler 
nothing has been done in aid of the circulation, but much, 
on the contrary, to embarrass both its ascending and 
descending currents. This is even aggravated by the 
circumstance of the water space, at the back end, which in / 
flue toilers^ as being the coldest, and farthest from the 
furnaces, and most favourable for the descending water, is 
here the hottest; the great body of flame being projected 
directly against it at C, and therefore most unfavourable for 
that descending current. 

Sixth.—Of the tubes, as heating surface. The value of the 
tubes, in a locomotive, arises from their presenting a larger 
aggregate of internal heating surface for contact with the 
heated gaseous products—these being chiefly transparent 
carbonic acid and oxide, and in all instances free from smoke 
or carbonaceous deposit. In the marine tubular^ however, 
where coal is used, and no such transparent gaseous products 
exist, but on the contrary, where there must be always a 
large volume of fuliginous gas and flame, the tube system is 
wholly inapplicable. 

In adopting the tubular principle in marine boilers, it was 
no doubt supposed S^iiMhce would have 
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been equally effective and unobjectionable as in the locomo¬ 
tive. This inference was drawn, however, without taking 
into account the chemical diff*erence between the use of 
bituminous coal^ in the one case, with its accompaniments of 
gas, flame, and smoke, and of coke alone, in the other, but 
in which none of these exist. Neither was it taken into 
account, that in the locomotive, the draught, and the all¬ 
essential volume of air introduced, was obtained by artificial 
means, and was therefore always sufficient and under control; 
whereas, in the marine-boiler, the required draught could 
only be obtained by a great expenditure of fuel and heat— 
in fact, by heating the funnel. 

Seventh.—Of economy. In the use of fuel in this boiler, 
econo7n^ is out of the question. The great supply of steam 
bring generated from the radiated heat and impact of the 
flame in the furnaces, the system of forcing the fires lecomes 
an absolute essential ; the greater the weight of coal consumed 
in given times, the greater being the amount of available 
flame produced. 

As to economy of s^ace in limiting the length of the boiler, 
we often deceive ourselves, since what is apparently saved is 
not all gained. Mue-boilers are comparatively low, admit¬ 
ting much of the coal supply to be placed over them. This 
may be done without inconvenience or risk; often, indeed, 
with comparative advantage, the coals so placed thus avoid¬ 
ing the accumulated deposit of the fine-powdered part, which 
takes place at the bottom of large bunkers when undis¬ 
turbed, and from which that gas is generated which is so 
often found to ignite in spontaneous combustion. Tubular 
boilers, on the other hand, are necessarily high, extending 
above the deck. The consequence is that stowage for the 
coal must be provided elsewhere, by appropriating a portion 
of the hold to that purpose. 

In the boiler now under consideration, the 360 tubes are 
placed in vertical ranges, 15 in each range. It is needless 
to repeat that the tubes, in ranges 6 feet in height, could not 
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"be available; since the lower ranges are the first occupied 
as being the hottest, with an accelerated current in propor¬ 
tion as their area is diminished. 
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A farther disadvantage of the marine tubular boiler is, that 
there is no place for the deposit of soot,^ sand, ashes, and 
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other matter which accompanies the use of coal; or the scale 
or sediment which is found both inside the tubes as well as 
outside of them, in the narrow water-spaces. The result 
is, that all this matter accumulates in the tubes and bottom 
of the smoke-box, requiring constant attention for its removal. 

Again, to facilitate the removal and the clearing the tubes, 
the entire front of the boiler at D, instead of being water^ 
sjpace^ as in flue-boilers, is occupied bj a series of doors, 6 
feet high, and which, as they are so liable to be over-heated 
and warped, admit much air, often igniting the unconsumed 
gas which has passed from the furnaces, and sending the 
flame to the up-take and funnel, keeping them at a danger¬ 
ous temperature, as was the case in the steamer “ 
over-heating these parts which were under-declc, and where 
no means of extinguishment was available. 

A practical illustration of the disadvantages of small tubes, 
was afforded in the boiler of the steam-vessel, the Leeds 
in which, for the express purpose of deciding the question, 
one-half the boiler was constructed with tubes of 3 inches 
diameter; the other having enlarged tubes of 7 by 5 inches, 
as shown in Fig. 120. 

The result was, that for years no repairs whatever were 
required in the latter, while the former was a continued 
source of annoyance and expense; besides that, it was less 
eftective as a steam generator. Many of the small tubes 
had to be renewed; the water spaces were liable to be filled 
with incrustation; and the face-plate, in which the tubes 
were inserted, required to be drawn in, and the tubes again 
rivetted ; innumerable patches and additional bolts were from 
time to time introduced to secure the back face-plate, and 
preserve it in its place. 

Here also was a practical confirmation of the fact, that the 
mere circumstance of having a larger aggregate surface had 
no effect in producing increased evaporation, the aggregate 
surface of the small tubes^ in the one-half of the boiler, being 
double that of the larger ones in the other half. 
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An instance of tlie desire to obtain a large aggregate of 
mtemal surface, but without due consideration as to its 
being available or brought into operation, was shown, in the 
late substitution, in a vessel of great magnitude, of a tubular 
for flue boiler; a change, however, which was the reverse 
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of being beneficial. This boiler, as represented in the 
annexed figures, was not less than 18 feet 6 inches high. 

Pig. 122. 



This maybe called a triple boiler—one flue ^ and two tabular s. 
Looking to the courses which the steam and water had to 
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take in this boiler, it \rould be difficult to estimate the 
amount of obstructions which each would have to en¬ 
counter, or the impediments interposed to their respectiTe 
functions. 

As to the general characteristics of marine tubular boilers, 
Mr. Murray, in his recapitulation, places them in strong 
conti’ast with what he considers the most important re¬ 
quisites, and which he enumerates as follows : 

'‘1st. The boiler should he designed with a sufficient 
amount of heating surface, so contrived, that as little of it as 
possible may be rendered ineffective, either from the retert- 
sion of steam in contact with it —^from the formation of scales 
•within—or from the deposition of ashes and soot in the 
bottoms of the flues and tubes.” Now, the tubular system, 
where coal is used, is in direct opposition to all these condi¬ 
tions. 

“ 2nd. The fire-bar surface should be sufficiently large to 
admit of the necessary quantity of coal being consumed witb 
tbin open fires.” The policy of this condition, of thin open 
lires, may he correct, where the boilers are sufficiently large, 
and the consumption of fuel slow, as in the Cornish boiler ; 
but is inapplicable in the marine tubular, which, by reason 
of the short run, and the necessity of throwing so much 
duty on the furnaces, involves the necessity of hard firing 
and the forcing system. 

" 3rd. That the proper area be maintained through the 
Hues and tubes, and that the passage to the chimney be 
such that the draught be not interrupted.” In the 
tubulax boiler, the interposition of the mass of tubes is 
peculiarly instrumental in checking and interrupting the 
draught by their cooling and other influences, but without 
which, as already shown, the funnel would be kept at a 
red heat. 

" 1th. That the furnaces should be roomy, and that the 
lires should not be larger than can be conveniently stoked.” 
These conditions as just shown, are the very reverse of what 
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exists in tlie marine tubular, more especially the first, 
enjoining a roomy furnace. The last head of this recapitu¬ 
lation is, howeyer, as follows : 

5th. "Which is, perhaps, the most important of all, and 
the one most neglected, that experienced and careful fire¬ 
men be provided.” iMow, what the duties can he which 
demand such care and experience as to make this condition 
“the most important of all,” is however, not intimated, and 
never has been explained by any writer. It is, indeed, much to 
be feared, that the general insufficiency of boilers, caused by 
the absence of many of the truly important requisites, are 
too often laid to the account of careless or inexperienced 
firemen ; yet, it may be taken for granted, that if any duties 
are required, beyond those of the very simplest character, 
and which can be taught any able and willing man in an 
hour^ihere must be some more serious mal-arrangement 
than can be remedied by any amount of care, skill, or expe¬ 
rience on the part of the fireman.* 

This is the more entitled to consideration, seeing, that in 
the above recapitulation, nothing is said of that which is 
really the most important requisite, namely, the provision 
for the admission of the air to the gas generated in the 

* Where the air is properly introduced, the duties of firemen are all con¬ 
tained in the following instructions :— 

1st. Begin to charge the furnace at the bridge end, and keep firing to 
within a few inches of the dead plate. 

2nd. Never allow the fire to he so low, before a fresh charge is thrown 
in that there shall not he at least four to five inches deep of clear, incan¬ 
descent fuel on the bars, and equally spread over the whole. 

3rd. Keep the bars constantly and equally covered, particularly at the 
sides and bridge end, where the fuel burns away most rapidly. 

4th. If the fuel burns unequally, or into holes, it must he levelled, and 
the vacant spaces filled. 

5th, The large coals must he broken into pieces not bigger than a man's 
fist. ■ 

6thly. Where the ash-pit is shallow, it must he more frequently cleared 
out. A body of hot cinders overheat and hum the bars. 
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furnace chamber. Yet the great question of perfect or 
imperfect combustion involves the providing the relative 
■volumes of air and gas. How strange, that with our present 
tnowledge of the chemistry of combustion, so much stress 
^ould be laid on mere questions of proportions, while the 
main point, the ^rimtm mobile^ is neglected. 

On the inadequacy of the short boiler, short run, and 
short time for the performance of its several functions, Mr. 
Murray judiciously observes as follows: — “ Superior 
economy of large boilers. Here arises a principle of 
economy, from the use of boilers of ample capacity to gene¬ 
rate steam without the fires being unduly disturbed; and 
it is believed, that on this ground alone, can the alleged 
superiority of slow over rapid combustion, be maintained.’’ 
There can be no doubt on the subject. The true corrective 
then of these inconveniences consist in letting the size of 
the boiler and its parts be commensurate with the demand 
for steam. 

In illustration of the want of any fixed principle for the 
internal arrangements of the several parts of a boiler, it 
may be mentioned, that during the Parliamentary inquiry 
on the smoke nuisance, engineers insisted on what was con¬ 
sidered the main essential, and which is the reverse of the 
present practice, namely, that boilers should be large enough ; 
and that waste, injury, and the smoke nuisance, were the 
necessary results of making small boilers do the toorh of 
larger ones. 

Pressed by the value of space in marine vessels, engineers 
have, however, no alternative. In the arrangement of the 
vessels sufficient space is not allowed; all considerations are 
made to yield to large holds, or large passenger accommoda¬ 
tion, while the boiler, the very source of its power, is shorn 
of its necessary proportion. Into the short space of ten 
feet three inches, the marine boiler we have just been con¬ 
sidering (of above 300 horse power) had literally to be 
stowed, and not one inch to spare. To this shortness, there- 
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fore, in tlie boiler, is attributable the violation of all the 
laws of nature in working out the processes of combustion, 
circulation, and evaporation. Engineers are required to 
construct small boilers to do the work of large engines, the 
evil of which has been so well illustrated by Mr. Eairbaira. 
in his late publication. Under these imperative instruc¬ 
tions, they inconsiderately turned to the plan of the locomo¬ 
tive. The owners of steam vessels will in time find out 
their error. It is, however, unreasonable that limits should 
first be imposed on the engineer which are incompatible 
with efficiency and economy, and that he should then be 
condemned for not providing tbe due quantity of steam, 
and tbe required amount of pressure; for causing too 
heavy a consumption of coal; tbe frequency of injury to 
the furnace-plates; the waste of fire-bars; the great 
nuisance of smoke; and the rapid deterioration of the 
boilers themselves. 

The consideration of these results lead to the conclusion, 
Ist. That the system of numerous small tubes is radically 
erroneous, both with reference to the carrying and transmit¬ 
ting the heated products within them, and to the currents of 
steam and water ouUide them. 2ndly. That the placing 
the mass of tubes above tbe furnaces and flues, renders 
the application of the tubular system doubly vicious, by its 
interference witb the functions of the steam and water ; 
thus directly intercepting and obstructing their rising and 
descending currents. 3rdly. That the short boiler, with its 
short run system, is directly opposed to the operations 
of nature, as regards the mixture, heating and combus¬ 
tion of the gaseous portion of the fuel, with the very 
large quantity of atmospheric air which is absolutely re¬ 
quired.* 

Mr. Craddock observes, “lam bound to say, that Mr. "Williams’s 
plan meets the conditions which chemistry requires for perfect combustiou, 
better than any other with which I am acquainted. Mr. Williams proceeds 
upon the principle of mixing the gas in the furnace with numerous small 


JLISD THE PEETEHTIOK OE ISl^OKE. 


201 


CHAPTEE XV. 

ON THE irSE OE H'EA.TEI> AIB AND ITS STJTPOSED VADTIE 
IN THE EtTRNACES OE BOILEES. 

Since tlie appearance of the first part of this treatise, 
showing the necessity for admitting air to the gases gene¬ 
rated in the furnace, apart from that admitted by the ash¬ 
pit, numerous patents have been taken out for effecting that 
purpose. 

With the view of obtaining credit for originality, none 
have attracted more attention than those which assumed 
that the air introduced was to be heated^ and that it would 
thereby become more effective. These plans, however, do 
not merit notice, either on the ground of theory or practice. 
It is right, nevertheless, that the public be put on their 
guard against being misled by the many plausible theories 
connected with this hot air system. 

Among the devices by which the public have been led 
astray, may be mentioned, the use of hollow bars, supple¬ 
mental fLues, calorific plates, self-acting valves, double grates? 
heated tubes, and such like contrivances,—some of which 
liave already been noticed,—overlooking the fact, that the 
whole question, as regards furnaces, and the best use of 
futd, depends on the bringing the solid and gaseous consti¬ 
tuents of the coal and the atmospheric air together, in the 

proper way. . 

When these so-called inventions came to be examined, it 
was found that they were incapable of imparting any sensi- 

jeiH ot‘air. These lanumerahle small jets, hy reason of thetr more readily and 
(•(jiupletcly mixing with the atoms of the combining gases, must be admitted 
in well ralctilatccl to produce that intimate mingling which chemistry 
(shows to be abaoLiUdy rteceasary.” ^ _ 
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ble degree of heat to the great volume of air required. That 
they were, in fact, but so many proofs of the ingenuity of 
their respective advocates, and of the ease with which the 
public may be imposed on; and that the announcement of a 
scheme for consuming, or preventing smoke, by the use of 
hot-air was a mere professional and ad ca^tandum averment, 
based on no principle, justified by no proofs, and supported 
by no chemical or practical authority. 

The idea that there was some undefined value in the use 
of hot-air, originated in the hot-blast system in the manu¬ 
facture of iron. The principle or process by which iron may 
be melted has, however, so little relation to that by which 
the combustion of the coal gas in furnaces is efiected, that 
no analogy whatever exists between them. 

To show in a stiU stronger point of view the deception 
practised, either on themselves or on others, it may be 
observed that it is not to the cohe or incandescent part of 
the fuel on the bars that these patentees would apply the 
hot air, (as is done in the iron furnaces,) but to the gases in 
the furnace chamber, where the great disproportion between 
the relative bulk of the air required, and the gas, is already so 
obstructive of rapid union and combustion, and one of the 
great difficulties to be encoimtered. 

With reference to the use of hot-air in boiler furnaces, no 
inquiry appears to have been made, either as to the tempe¬ 
rature to which its advocates would raise it; or even 
whether, by any of their plans, it would be heated at all. 
Still there was something so plausible in the enunciation of 
a plan ^'for consuming smoke by means of hot air,” that it 
was listened to by many who had no means of investigating 
its supposed merits, or detecting its fallacy. 

The first question for inquiry here is, what would be the 
effect of heating the air before it would be introduced into 
the furnace ? Chemically, no change whatever is effected* 
Mechanically, however, an important change takes place, 
namely, that its already unwieldy volume is still further 
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increased. Tlins, if a cubic foot of air be heated one addi¬ 
tional degree, its bulk will be increased part; conse¬ 
quently, if heated bj an addition of 480 degrees, its bulk will 
be doubled. 

Let us then see if any effect be produced on its constitu^ 
enfs by this enlargement of its volume. Let Fig. 123 re¬ 
present a body of air at the temperature of 32°, and weigh¬ 
ing 86 grains, viz., 28 grains of nitrogen, and 8 grains of 
oxygen; these being the proportions as they exist in the 
atmosphere. 


Fig. 123. 



Air at 32° = 36 grains = 28 nitrogen, 8 oxygen. 


Again, let Fig. 124 represent the same weight of air^ 
heated to the temperature of 32 + 480 = 512®; its bulk 
being then doubled. Nevertheless, there are still but the 
same relative weights, viz., 28 grains of nitrogen and 
8 grains of oxygen, and no more. 


Fig. 124. 



Air at 32° =36 gi*ams = 28 nitrogen, 8 oxygen. 


Now, as the efficiency of tbe air in producing combustion 
and generating heat is not in the proportion of the lulJc, 
hut of the weight of oxygen it contains, nothing has been 
gained by such increased temperature; while this great 
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practical disadvantage has been incurred—that doulle the 
volume of air must be introduced into the furnace; and, of 
course, double the draught must be obtained before the 
same quantity of gas can be consumed. 

The practical inconvenience of enlarging the volume of 
the air by heating it is easily illustrated; for if the oxygen 
of 300,000 cubic feet of air, at atmospheric temperature, be 
required for combustion of one ton of coal, it would require 
that of 600,000 cubic feet if raised to 512®— a volume which 
no natural draught would be equal to. 

Sir H. Davy says: “ By heating strongly gases that burn 
with difficulty, the continued inflammation becomes easy.” 
Thus, as they are more easily inflamed when hot than cold, 
we have this testimony in favour of heating the gas rather 
than the air* With reference to heating the air, and 
thus expanding it. Sir H. Davy does not appear to have 
attempted it; but he has done what was more to the point 
—^he tried the eflect of condensing it. Professor Brande 
says; “ Sir H. Davy found considerable difficulty in making 
the experiments with precision; but he ascertained that 
both the light and heat of the flames of sulphur and 
hydrogen were increased in air condensed four timies*"* This 
is decisive against heating the air, and in favour rather of 
condensing it.* 

If, as already shown, by heating the air we necessarily 
enlarge its bulk, and reduce the weight of oxygen in each 
cubic foot, we as necessarily dimmish its efficacy in the 
furnace. Under such circumstances, the only alternative 
would be the increasing the draught, to compensate by 

* Mr. David Mushet, in a letter on the hot air fallacy, 'wrell describes 
people flying to produce a great revolution in steam engine furnaces, 
by applyiDg hot air to the mere combustion of coal; ” and settles the 
question at once when he says, “ The value of dense air in promoting 
combustion is so undeniably established, that we should do better to attempt 
to solidify it, in contact with combustible matter, rather than to 
volaiUue it.'* . 



AND THE PBEVENTIOK OE SMOKE. 


205 


increased quantity for diminished weight. Were it possible 
to heat the air without causing any enlargement of its bulk, 
we should then be in a position to decide on the relative 
merits of air at any given temperature. As, however, that 
is impossible, it is indisputable that we gain nothing by 
heating the air, more especially when we do so by the 
suicidal means of taking heat from the very furnace in 
which it was to be used, while we should seriously em¬ 
barrass ourselves by having to increase the draught, and 
which could .only be done by some mechanical blowing 
apparatus. 

Again, see the physical difficulty which heating the air 
would create in the preliminary operation of mixing: the 
atoms of gas being thrown at a greater distance from each 
other, by the enlargement of the bulk of the intervening ah\ 
as shown in the annexed figures. 

Fig. 125. 

The large circles represent 
atoms of air, and the small black 
circles those of the gas ; each of 
the latter being in contact with 
four of the former, equal to ten 
times its volume. 

Tig. 126 represents the sam© loeight of gas and air; 
the only difference being, that the air is shown with its 
enlarged volume consequent on its increased temperature. 

Here is truly represented what would occur by heating 
the air, the atoms of gas being thrown so much further 
apart, and consequently producing a corresponding difficulty 
in efiecting that atomic mixture which is the main requisite 
of combustion. Thus, in whatever point of view the subject 
is considered, it is manifest no chemical or practical good 
can be effected by heating the air. 
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Fig. 126. 



The use of hot air having engaged the attention of 
Mr. Prideaux, in connection with some departments of the 
manufacture of iron, he endeavoured to reduce his theory 
to practice; but candidly admits that anticij^ations 
were not realised,P His observations, however, as given in 
his treatise already referred to, are so conclusive against 
the use of hot air, and so confirmatory of what is said 
above, that it can only be a matter of surprise he should 
have lent himself to the hot air fallacy. 

He correctly observes: “ There is, no doubt, more heat 
contained in the products of combustion from a given 
weight of coal and air heated before ignition to 720®, than 
would be contained in the products of the same quantities 
ly weight of gases ignited at the temperature of 60°. When 
we take given measures^ however, instead of given weights, 
the case is reversed.'^^ 

This is the whole case of the furnace: it is not the 
measure of the air introduced, but the weight of oxygen in 
each cubic foot that will influence the amount of heat 
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generated. His reasoning througliont is “ in explanation 
of tbe effect of hot air in diminishing the heat of the 
working chamher of reverberatory furnaces/’ and he might 
add, a fortiori in the furnaces of boilers, where no aid could 
be had from mechanical draught or pressure, to counteract 
the effect of that increased volume which heating the air 
would produce. 

Again, he observes: ^‘Whenever I took any steps to 
effect this object in the puddling furnace, I encountered 
the fact, that precisely as my arrangements for heatmg the 
air became more perfect, did I destroy the draught through 
the fuel, deaden the fire, and lessen the yield of iron. This 
unexpected result I attributed to the rarification of the air 
in the ash-pit. When the atmosphere is 60°, air is doulle 
in volume at 568°. When thus rarified a much smaller 
quantity will ^ass in a given time, under the ordinary 
^pressure of the atmosphere, than would pass were the air at 
60°, and, consequently, of double the density. The result 
is, a greatly diminished draught, and less intense com¬ 
bustion; and it is to not having rightly appreciated these 
conditions that the numerous failures %chich have teen 
incurred in attempting to apply heated air to furnaces, must, 
in part, he attributed,^’* 

Eeasoning cannot be more correct, and at the same time 
more conclusive, against the error of attempting to increase 
the efficacy of the air, in the combustion of coal gas, by 
heatmg it. 
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CHAPTEE XVI. 

OK THE TKELHEKCE OE THE WATEE OEKEEATEl) IK EITE- 
KACES PROM THE COMBHSTIOK OP THE HTEROOEK OE 
THE GAS. 

Already many proofs Lave been given of the injurious 
results of the tubular system, where gas and flame have to 
be dealt with. There is one other circumstance still to be 
mentioned, and which demands particular attention, namely, 
—the generation of a large quantity of water in furnaces in 
which coal gas is produced and consumed, and which, being 
in the form of steam, becomes the largest product of that 
combustion. 

In the ordinary use of coal gas, the presence of this 
water of combustion attracts no attention,—generated as it 
is in small quantities from the flame of each separate 
burner. Prom the enormous quantity of gas, however, 
which is hourly generated and consumed in large furnaces, 
the great quantity of water formed will be found accom¬ 
panied with evils of a serious magnitude, unless due pro¬ 
vision be made for its disposition. It seems strange that 
the numerous writers on the construction of boilers, and 
the combustion carried on in their furnaces and flues, should 
have omitted all reference to this great quantity of water, 
and the important difference in the mode in which it is 
disposed of, in flue and tubular boilers.^ 

^ It appears, by a paper read at the Institution of Civil Engineers, 
June 13, 1843, that in consequence of the serious injury sustained by tbe 
books in tbe Library of the Athenseum, London, the attention of Mr. 
Professor Faraday, as well as of other scientific members, was drawn to 
the subject of ventilating the lamp burners. The result was the adoption 
of a system, by which the water, and other products of the combustion of 
the gas, are effectually carried away. The plan consists of placing a 
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Tlie fact of tliis great quantity of water being produced 
admits of no doubt. Bituminous coal, we have seen, con¬ 
tains from 5 to 6 per cent, of Hydrogen, and as each pound 
of Hydrogen, in combustion, combines witH 8 pounds of 
atmospheric oxygen, the product is 9 pounds of water. 
Each Hundred weight of coal, then, containing on an average 
pounds of Hydrogen, the product will be nearly 50 pounds 
of water. Thus the gas from each ton weight of coal will 
produce about Half a ton weight of water, in the form of 
steam, 

"When the coal gas is generated in the furnace, the first 
operation towards its combustion is the union of its 
hydrogen with the oxygen from the air, forming water. 
This chemical union, as already shown, produces that 
intense heat which raises the other constituent—the 
carbon, to the temperature of incandescence in the form of 
bright visible fiame. It is this heat which, on being 
applied to some solid body, as charcoal, or lime, produces 
the extraordinary luminosity exhibited in the oxy-hydrogen 
microscope. 

The water thus formed, files off in invisible radii, from 
the surface of the fiame, and with the explosive force due to 
its high temperature. The presence of this water may be 
made visible by approaching any cold polished metallic body 
(as the blade of a table knife), near to, but not touching, 
the fiame of a candle. The previously invisible radii of 
steam will then be seen condensed, like moisture, on the 
polished surface. 

This may be exhibited on a larger scale by holding a new 
tin kettle of cold water, with a bright bottom surface, one 
or two inches above the glass chimney of an Argand gas 
burner. The water of combustion will soon appear con- 

aecond glass cylinder, larger and taller tlian the ordinary one, over it. 
This outer glass is closed at the top, and the products, passing downwards 
between the two glasses, are carried away by a metal tube to the chimney 
stack. 
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densed on tlie bottom, in presence of, and as it were m 
defiance of, tbe great beat to wbicb it is exposed. This will 
continue until the water in the vessel reaches a tempera- 
ture of 80®. 



By the apparatus shown in the annexed Kgure 127, this 
water may not only he condensed, hut collected. It consists 
of a tin vessel. A, about four feet long, fiUed with cold 
water-.—the flame of a large gas burner b, and the heated 
products passing through the flue c, slightly incUned from 
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c to D, to favour tte escape of tie condensed water of 
combustion. 

• The flame and other products of the gas being directed 
through the flue, the steam will be condensed within it, and 
the water will continue dropping from the lower end into 
the vessel n, as long as the flue remains sufficiently cold 
the other products passing off by the funnel, and at a very 
low temperature. 

This process may be continued for any length of time by 
having some ice in the water to keep the temperature of the 
flue sufficiently low to promote immediate condensation of 
the steam. Here the ficme appears literally converted into 
wafer^ these being the only two of its products that are 
visible. 

It is now to be considered, how is this great volume of 
steam to be disposed of. 

In boilers on the flue system where there is sufficient 
room, this stream produces no injurious effect, by reason of 
its having space to separate itself from the flame, as rapidly 
as it is generated. 

In the tubular system, however, the injurious influence of 
this mass of steam is serious and palpable. Instead of 
passing away in a flue, with a sectional area of 8 or 10 
square feet, it is forced by the draught into the hundreds of 
small metallic tubes of but two or three inches in area, and 
thus brought into immediate and even atomic contact with 
the flame, from which it had just teen separated ^—^both 
struggling to enter their narrow orifices at the same 
moment. The immediate and inevitable result of this com** 
pulsory mixture is, the cooling the atoms of the carbon, 
which gave luminosity to the flame, and its consequent 
extinguishment, precisely as the steam formed by the com¬ 
bustion in Phillips’ fire annihilator acts on flame, when 
brought into contact with it. By the tubular system, the 
great body of steam being thus mechanically compressed 
into the closest possible contact with the flame on entering 
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the moutlis of the tubes, is compelled to act the part of the 
auuihilator. 

It is this artificial mixture of the dry* carbon with the 
steam that forms the sooty incrustation in the interior of 
the tubes, flues, and chimney. Were it not for the presence 
of this steam, the dry pulverulent carbon, such as we see 
collected on the wick of a tallow candle (where the new- 

Fig. 128. 


formed water has no access to it) would, from its levity and. 
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dryness, pass off rapidly by the chimney; forced, however, 
into contact with the steam, a black, pasty, non-conducting 
mass is formed, adhering to whatever it touches, and soon, 
from the heat, becoming hard and solid. 

It need scarcely be observed, that nothing of this kind 
occurs in the tubes of the locomotive; no hydrogenous gas 
being generated—no steam of comlwistion formed, and, 
consequently, no carbon or soot deposited. 

The provision which nature has made for the immediate 
separation of the water from the heated flame may be 
noticed in what takes place in the flame of a candle. When 
left to themselves, the several products of the combustion 
of the gas, rapidly and effectually separate, so as not to 
interfere with each other, or reduce the high temperature 
on which perfect combustion and luminosity depend. 


Fig. 129. 






In the flame of a candle, the undecomposed and uncon- 
sumed gas appears surrounding the wick, and in the centre 
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of the brilliant incandescent carbon. Outside this white 
exterior, and forming a semi-transparent film of one-tenth of 
an inch in diameter, may be observed the vertical stream of 
carbonic acid gas, the product of the carlon ; while that of 
the other constituent, the hydrogen^ were it visible, would 
be seen flying off in radii, until absorbed into the sur^ 
rounding atmospher®. 

The annexed Fig. 128 will represent a vertical, and 
Fig. 129 a cross section of the flame; a representing the 
carbonic acid, and 5 the radiating steam. Instead of 
imitating this process of nature, in keeping asunder those 
several products (carbonic acid, nitrogen, and steam), which 
would neutralise each other, we force them into the most 
unnatural mixture and union, regardless of their chemical 
action when brought into contact. We here see how 
absolutely necessary it is that in every stage and process of 
combustion we keep in view those truths of nature which 
chemistry has so clearly indicated. 


CHAPTEB XVII, 

OK IKOEEASIKO THE HEAT-TEAKSMITTIKU POWER OP THE 
INTEEIOE PLATE SITEPACE OP BOILEES. 

This branch of the subject has hitherto been entirely 
overlooked. Inquiry has shown that the mere providing a 
large internal surface will not suffice for taking up the heat 
generated in large furnaces; and that, to turn to account 
any portion of that which, under the best arrangement, is 
now absolutely lost, we must look to other means than the 
tubular system. 

The question for consideration is, whether an iron plate 
cannot be made to transmit more heat to the water than is 
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due to its mere superficial area. Prom wliat lias been 
shown of the slow rate at which the air enters the furnace, 
when mechanically divided into jets or Jihns, we are not to 
infer that the gaseous products, when raised to a high 
temperature, within the furnace^ would pass through the 
•flues at the same slow rate. On the contrary, we find those 
products are hurried along the face of the plates at a 
considerably increased velocity. This it is which calls for 
increased means of transmission from the heat to the water, 
when larger engine powers are employed, and more fuel is 
consumed. 

Under the most favourable circumstances of boilers, a 
larger portion of heat will he lost than would be required 
for merely producing the necessary draught. Experiments 
were, therefore, made with the view of counteracting this 
great waste of heat, and which established the fact that it 
was possible, to a certain extent, to increase the quantity of 
lieat transmitted by any given surface of plate. It is 
true a plate, 10 feet by 10, equal to 100 square feet, 
presents the same amount of surface area as one of 100 
feet long by one foot wide. As a steam generator, 
however, the effect would be very different:—the lineal run 
or distance travelled over being as 10 to 1, and occupying 
ten seconds of time in the first, and but one second in the 
other. 

‘When the gaseous products of combustion are carried 
through Hues or tubes, this lineal current passes at right 
angles to the line of transmission of heat through the plate, 
if, however, wo heat one end of a rod of iron, a large 
(Conducting power is brought into action, the heat passing 
longitudinally along its fibres. Now this is the power that 
has been here rendered available. 

Independently of tbe conducting power which a metallic 
pin or rod may have, it possesses then a receiving power, 
greater than is due to its mere diameter. 

Suppose an iz’on or copper pin of half an inch diameter, 
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inserted in a plate, and projecting into the flue three inches 
beyond its surface, and across the current oftlie heated products. 
In such case, the portion of such plate occupied by it will 
be equal to a disk of but half an inch in diameter, while the 
pin itself will present a }ie 2 Ji^recewing surface of 4^ inches* 
By this means we obtain an effective h.esit-receiving surface, 
nine times greater than the area of the plate which the pin 
occupied. If, then, a series of these conductors be inserted 
in the fine and furnace. plates, there will be an increased 
effect from the circumstance of the current of the heated 
products being directed against them, instead of passing along 
the surface of the plate. 

The popular impression that the three-legged pot boiled 
sooner than the one without legs, though it passed as a 
fable, was, nevertheless, a true one,—the legs acting the 
part of heat-conductors. This was tested by having a large 

pitch-pot constructed with twenty legs instead of three- 

the bottom being thus furnished with so many projecting 
conductors, each six inches long. The result was, that pitcH 
or water was more rapidly boiled in this than in one of 
the ordinary kind. The principle of projecting heat coiu- 
ductors thus was shown to be entitled to attention, and 
practically available. 

The following experiment is illustrative of the increased 
evaporative effect produced by the conductor pins. In fig*- 
130, Plate 9, 1 and 2 are tin vessels containing the sarae 
quantity of cold water, 1 being furnished with the con¬ 
ductors made of copper wire, and two left plain; n 
thermometer, 4, being suspended in each: 5 is a vertical 
ffue, through which the products from the flame of a 
large gas-burner passed. Pig. 131, Plate 9, is a sectional 
view of the same. The temperature in both vessels was 
taken in two minutes’ time. The following are tb-e 
progressive rates at which the water was raised to fhe 
boiling point. 
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Pan with Conductors. Pan without Conductors. 


Initial Temperature, 61° 

Initial Temperature, 61° 

16 . 163° 

After 2 minutes, 75® 

After 2 minutes, 70° 

18 . 171° 

„ 4 

„ . 95® 

„ 4 

» . 82° 

20 . 181° 

„ 6 

„ . 124° 

» 6 

» . 101® 

22 , 188° 

„ 8 

„ . 151° 

„ 8 

„ . 118° 

24 . 196° 

„ 10 

n . 177° 

„ 10 

„ . 130° 

26 . 203° 

„ 12 

„ . 201° 

„ 12 

„ . 146° 

28 . 210° 

„ 13 

„ . 212° 

n 14 

„ . 156® 

29 . 212° 


Thus it appears that the water iu the pan with the heat- 
conductors, was raised to the temperature of 212° in 13 
minutes, while that in the plain pan required 29 minutes. 

The following experiment shows still farther the value of 
assisting the evaporative power by the aid of these con¬ 
ductors. 

Three tin boilers, as in the annexed Plate 10, were placed 
in connection with a large laboratory gas burner. In each 
was put 22 lbs, of water; 30 cubic feet of gas were consumed 
in each experiment, in two hours and forty minutes. The 
result was as follows :— 

lbs. 02. 

No. 132, without conductors, evaporated 4 14 of water. 

133, w ith conductors on one side only 714 ,, 

131, with conductors projecting on 

"both sides .... 8 5 ,, 

The quantity of gas consumed was the same in both 
cases,—the heat generated was the same,—the area of flue 
plate was the same,—the difference in effect was therefore 
alone produced by the greater quantity of heat transmitted 
to the water, longitudinally, through the conductors. 

In tliis case, the heat conveyed to the water, and that 
escaping by the funnel, showed that where the waste heat 
was greatest, the evaporative power was necessarily the 
least. 







218 


THE OOMBHSTIOH OE OOAE 


# 

See Plate 10, 


Fig. 132. Pan without Conuuotobs. 


Gas consumed. 

Heat of Water. 

Heat escaping. 


58 . . . 

62 

5 feet. 

. 120 . . 

. 382 

10 

. 152 .. . 

. 390 

15 

. 162 .. . 

. 395 

20 

. 164 .. . 

. 396 

25 

. 166 .. . 

. 402 

30 

. 166 .. . 

. 406 


988 

2432 


Evaporated 4 lbs. 14 ounces. 


Fig. 133. Pan with Conductors projecting on one side. 

Gas consumed. 

Heat of Water. 

Heat escaping. 

. 

58 . . . 

62 

5 feet. 

. 143 .. . 

. 257 

10 

. . 160 . 

. 280 

15 

. 172 .. . 

. 385 

20 

. 178 .. . 

. 392 

25 

. 186 .. . 

. 300 

30 

. 188 .. . 

. 320 


1085 

1996 


Evaporated 7 lbs. 13 ounces. 


Fig. 134. Pan 

WITH Conductors projecting on 

BOTH SIDES. 

Gas consumed. 

Heat of Water. 

Heat escaping. 


58 . 

62 

5 feet. 

. 152 . . . 

. 248 

10 

. 174 . 

. 273 

15 

. 178 .. . 

. 276 

20 

. 182 .. . 

. 278 

25 

. 186 ... 

. 282 

30 

. 188 .. . 

. 284 


1110 

1703 


Evaporated 8 lbs. 5 ounces. 


The comparison of the three pans then stands thus:— 



























Evaporated 


411^. 14 oz 





Fig. 133. 


Evaporated 


i 


711). 14 o; 
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Heat retained. Heat lost. 

1 Pans without conductors 988 2432 

2 ,, single conductor . 1085 1996 

3 ,, doulole conductor. 1110 1703* 

jSTumeroiis instances miglit liere be given of tlie successful 
application of these beat-conductors both in land and marine 
boilers, in wbicb several thousands of 3-inch pins have been 
inserted, and -where they have been for years doing constant 
duty without a single failure or leakage. 

It is here worthy of remark that M. Peclet, in his Traite 
de la Glialeur^ has suggested a similar mode of increasing the 
transmitting power of a given area of a plate. He begins 
by distinguisbing the three characteristics of a plate. 
Pirst,—the reception of heat by one side. Second,—^its 
emission from the other side. And Third, the power of 
conduction through the body or thickness of the plate. 
He then observes that a plate of metal has the power of 
transmitting far more heat than it is really and practically 
called on to transmit, on acco-unt of the current by which 
the heat is Tiurried along the face of it» 

Among the modes of counteracting this rapid current, he 
observes:—If the plates were crossed loy metallic hars, 
which should project to a certain extent info loth fluids 
(gaseous or liquid), one of which was to heat the other, the 
extent of surface contact being increased (by the bars), the 
qiiantiby of heat transmitted loould le increased, and the more 
so, as the stratum or film of the fluid in contact with the 
bars would be continually changing.” He then supposes a 
case of hot air (as the products of combustion in a flue) 
passing through a tube surrounded by water, to which the 
heat was to be conveyed, and being traversed ly metallic 
lars projecting loth inwards and outwards. In such case 
the interior projections will become heated, and this heat, 

Tlicse, and other experiments in illustration of the same results, were 
published in the Mechanics’ Magaziue, in 1842. 
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passing along tTie lars, will he given out from their surfaces. 
It will here be seen, that this is identical with the illustra- 
tions here given. 

M. Peclet observes that this arrangement has not hitherto 
heen put in practice. He was not aware, however, it may be 
assumed, that it had been previously, and many years, in 
practice both in land and marine boilers. 

Conductor pins were applied to the boilers of a six-horse 
engine. The result was, that each inch deep of water, 
which previously required twenty-eight minutes to eva¬ 
porate, was, by means of the conductors, done in twenty- 
one minutes.* 

Encouraged by these results, conductor pins have been, 
during the last twelve years, introduced into many marine 
and land boilers with unquestionable success. After many 
years of observation as to their durability, the conclusion is, 
that a projection into the hues of three inches is the most 
advisable. If longer, they will burn away to about that 
length. 

Supposing the conductor to be made of half-inch rods, 
and inserted at intervals of three'inches, the strength of the 
plate has been tested, and found to be rather improved, the 
conductor pins apparently acting the part of floor bridging, 
and giving increased stiffness. 

Supposing the area of the flue to be two feet square, then 
the introduction of the pin conductors may be as shown in 
the annexed Eig. 135.t 

* Hr. Tire, impressed Tvitli tlie same view, made some experiments witli 
corrugated plates. The effect, he observes (see his Dictionary of Arts), 
was remarkable: the water evaporated when the current of heated 
products passed across the corrugations, and, as it were, striking against 
them; being so much greater than when it ran in the same direction. On 
the same principle, the heat transmitted was increased when the current of 
the products was intercepted by the conductors. 

d* The principle of these conductor pins has been adopted in sugar boiler 
pans, and other descriptions of evaporative vessels ,* and would no doubt be 
applicable to the operations of brewing and distilling. 
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Fig. 13o. 



V_j 

As illustrative of tlie mode and extent to wHck the 
system has been practically applied, Eig. 136, Plate 11, 
and Pig. 137, Plate 11, represents a plan and section of 
the boilers oi^^TJie 'Royal William These boilers have 
been in constant use for the last nine years, and with the 
most perfect success as regards economy of fuel,—^freedom 
from the smoke nuisance,—evaporative power, and dura¬ 
bility ; the number of conductor pins are 4369. 

The plan of the boiler «« 

patent, may here be given, 

rities is connected with the use of the near conaucLuj..., , 
precisely corresponding with the description given oy 
M. Peclet,—the flue being traversed ly metallic Jars,” 
and which here act the double purpose of stays (as in 
locomotive boilers) and heat conductors. 

In the boilers of the Peninsular and Oriental Steam 
Company’s Ship ^^Racha,'^ as in Pigures 138, Plate 12, and 
139, page 222, the stays which act the important part of 
double heat conductors are of -|th-inch iron: of these there 
are 1920, and as they act effectually on the water spaces 
on each side, do the duty of 3840 most effective heat 
conductors. 
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The Patentees state that the superioritj of this plan over 
tlie common tubular consists in the facility for cleaning; 
that is, for the removal of the scale or deposit which takes 
place so largely in the boilers of sea-going vessels. The 
vertical water spaces of these boilers afford ah easy means 
of cleaning the sides of the flues, and so enable the water to 
come in contact with the iron flue. That in tubular boilers 
the horizontal position of the water spaces between the 
tubes renders it an impossibility to clean them; the conse¬ 
quence of which is, that a constant succession of deposit 
takes place. The flues of boilers which have been constantly 
at work since 1850 present no appearance of deterioration.” 

The principle of these heat conductors is too self-evident 
to avoid adoption hereafter in all descriptions of vessels 
where heat has to be communicated, or abstracted. 


CHAPTEE XVIII. 

oir THE OEHEEATIOH AHD CHAEACTEEISTIOS OE SMOKE. 

So much has been said and credited on the subject of the 
biorning and combustion and even consiomjpiion, of smoke; 
and it has been so often asked. What is smolce ? that the 
subject cannot here be dismissed without comment. 

Dr. Lardner has observed, that on coal being thrown on 
a furnace, “ a smolce will arise, which, passing into the flue 
over the burning coal, will be ignited.” With equal cor¬ 
rectness might he have said, that on coal being thrown into 
a heated retort, a smolce will arise, which passing into 
tubes, is conveyed to our apartments, and there ignited, 
giving out both light and heat. When palpable errors in 
description are committed by scientific men, it can be no 
matter of surprise that an unobservant public should become 
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familiarised witH sucli absurdities as “ smoke bnrniTig,” and 

smoke-consuming furnaces.” 

Before the characteristics of combustible gases were 
known, it was natural that all coloured vapours, rising from 
heated bodies, should be called smoke. So soon, however, 
as the properties of the several gases were correctly ascer¬ 
tained, through the researches of Davy and Dalton, the mis¬ 
application of the term became unpardonable on the part of 
those who profess to be public instructors on the subject. 

The gas from which smoke proceeds, iu a furnace or 
retort, is carburetted hydrogen. The constituents of this 
gas have been already described; each atom consisting of 
two atoms of hydrogen and one of carbon. This latter we 
are warranted in assuming to be a solid, contained, and 
concealed from view, by, or within the gaseous volume of 
the hydrogen, since carbon has never yet been produced in 
the form of a gas, nor hydrogen in that of a solid. It is only 
when their chemical zmion, in the form of the coal gas, is 
broken up, that the carbon becomes visible and tangible. 
iN'ow this circumstance alone furnishes an unerring test of 
the difference between gas and smolce ; a distinction which, 
we shall see, is capable of physical proof. 

When we see a dark yellow vapour rising from heated 
coal, as at the mouth of a retort, or from a furnace, or 
domestic fire, after fresh coal has been thrown on, this 
colour is not occasioned by the presence of carlon, but is 
caused by the sulphur, tar, or earthy impurities which 
might happen to be in the coal. All these are subsequently 
separated from the carburetted hydrogen in the purifying 
process—the gas remaining transparent—so minute are the 
several atoms of the carbon, and so diffused are they when 
in connection with the hydrogen. That the solid ca/rlon is 
there^ notwithstanding this transparency, is proved by its 
subsequent liberation; as when a polished body is thrust 
into the flame of a candle or gas jet, and brought out with a 
deposit of the carbon on it. Carbon, in fact, when in 
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chemical union with gaseous matter, is always invisible and 
intangible. The following experiment wih sufficiently illus¬ 
trate these facts, exhibiting both the gas and the smoJce in 
their separate states of existence, and with their separate 
characteristics. 
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Fig. 140, page 225, represents a tin vessel capable of 
holding a quart measure; in it was placed some small coal, 
resin, and tar, to produce a quick and large development of 
gas. The lid being removed, an iron, 5, made red-hot, was 
introduced, and the vessel again close covered. A small 
tube is then inserted at c, to be blown into, as into a blow¬ 
pipe, to expel the gas in a stream. 

By blowing through this tube, a copious volume of the 
gas wiU issue from the nozzle d. That the carbon in this 
gas is inaccessible, is proved by presenting a sheet of paper 
to the stream, and, although it may be slightly stained, if 
there be much tar present, no carbon, however, will be 
deposited. 

On this stream of gas (many inches long) being lighted, 
a lurid flame will be produced, but which, becoming cooled 
down before it can be sufficiently mixed with the air, pro¬ 
duces a large volume of true smoke. Here, then, is exhi¬ 
bited the gaSy the flame, and the smoke, at the same 
moment, and in succession, just as they are produced in the 
furnace,—the gas being converted into flame, and the flame 
smoke. 

w let us examine the characteristics of each. The 
n in the gas, as already mentioned, is inaccessible, 
g concealed by or within the atoms of hydrogen respec- 
uveiy, and cannot be separated, or deposited on the paper. 
On being hghted, the hydrogen combines with the oxygen 
of the air forming steam, which flies OS’, as already described. 
The result is, the liberation of the atoms of carbon, either to 
be converted into carbonic acid (if the heat can be con¬ 
tinued), or deposited in the form of the fine lamp-black 
powder, as we see it collected on the wick of the tallow 
candle. This may be tested by presenting the white paper 
to it, when a large quantity of this black carbon will be 
deposited on it. We here see the double error of mis¬ 
taking smoke for gas, and then assuming that the former 
^an be burned. 
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It may be well here to notice an error witb. which we are 
generally impressed, namely, that the cloudy yolume of 
smoke, as we see it issuing from a chimney, and filling 
a large space in the atmosphere, is formed of carbonaceous 
matter. 

With equal propriety might we say, if we put a few 
drops of ink into a glass of clear water, and thus give it 
a blackened colour, that the whole would become a mass of 
ink. This black cloud is merely the great mass of steam^ or 
watery vapour, formed in the furnace, as already described, 
but coloured by ilie carbon ; and when we consider, that no 
less than half a ton weight of water (in the expanded form 
of steam') is produced from every ton weight of bituminous 
coal consumed, we can easily account for the enormous 
volume and mass of this blacTcened mpoiir called smoke, as 
it appears to our vision, and the palpable error of supposing 
that this cloud of incombustible matter was capable of being 
consumed, or converted to .the purposes of heat. 

Were it not for this mass of steam the carbon would soon 
fall, as a cloud of black dust; but, being intimately and 
atomically mixed with the large volume of steam from the 
furnace, it is carried along by the atmosphere, only differing 
in colour, like the cloud of steam we see issuing from the 
chimney of a locomotive when in action. 


ON THE COMBUSTION OE COAL AND THE PREVENTION 
OE SMOKE. 

A CONSIDERATION of the nature of the products into 
which the combustible constituents of coal are converted in 
passing through the furnace and flues of a boiler, will 
enable us to correct many of the practical errors of the day, 
and ascertain the amount of useful effect produced, and 
waste incurred. These products are: 
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1st. Steam—liigHly rarified, invisible, and incombustible. 

2nd. Carbonic acid—invisible and incombustible. 

3rd. Carbonic oxide—invisible, but combustible. 

4th. Smoke—visible, partly combustible, and partly in¬ 
combustible. 

Of these, the two first are the products of perfect com¬ 
bustion, the latter two of imperfect combustion. 

The first—steam—is formed from that portion of the 
hydrogen (one of the constituents of coal gas), which has 
combined chemically with its equivalent pf oxygen from the 
air'—in the proportion of one volume of hydrogen to half a 
volume of oxygen; or, in weight, as 1 is to 8. 

The second—carbonic acid—^is formed from that portion 
of the constituent^ carbon, which has chemically combined 
with its equivalent of oxygen, in the proportion of 16 of 
oxygen to 6 of carbon, in weight; or, in bulk, of one volume 
of the latter to two of the former. 

The third-—carbonic oxide—^is formed from that portion 
of the carbonic acid which, being first formed in the furnace, 
takes up an additional portion of carbon in its passage 
through the ignited fuel on the bars, and is then converted 
from the acid into the oxide of carbon; thus changing its 
nature from an incombustible to a combustible. This addi¬ 
tional weight of carbon so taken up, being exactly equal to 
the carbon forming the carbonic acid, necessarily requires 
for its combustion the same quantity of oxygen as went to 
the formation of the acid. 

The fourth—smoke—is formed from such portions of the 
hydrogen and carbon of the coal-gas as have not been 
supplied or combined with oxygen, and, consequently, 
have not been converted either into steam or carbonic 
acid. 

The hydrogen so passing away is transparent and invisible ; 
not so, however, the carbon, which, on being so separated 
from the hydrogen, loses its gaseous character, and returns 
to its natural and elementary state of a black, pulverulent, 
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and finelj-divided body. As such, it becomes visible, and 
this it is wliicb gives tbe dark colour to smoke. 

Not sufficiently attending to these details, we are apt to 
give too much importance to the presence of the carbon, 
and have hence fallen into the error of estimating the loss 
sustained by the blackness of the colour which the smoke 
assumes, without taking any note of the invisible combus¬ 
tibles, hydrogen and carbonic oxide, which accompany it. 
The blackest smoke is, therefore, by no means a source of 
the greatest loss; indeed, it may be the reverse; the quan¬ 
tity of invisible combustible matter it contains being a more 
correct measure of the loss sustained than could be indicated 
by mere colour. 

This will be stiU more consistent with truth, should any 
of the gas (carburetted hydrogen) escape undecomposed or 
unconsumed, as too often is the case. 

In the ordinary acceptation of the term “ smoke,” we 
understand all the products, combustible and incombustible, 
which pass off by the flue and chimney. When, however, 
we are considering the subject scientifically, and with a 
view to a practical remedy against the nuisance or waste 
it occasions, we must distinguish between the gas as it is 
generated, and that which is the result of its imperfect 
combustion. In fact, without precise terms and reasoning, 
we disqualify ourselves from obtaining correct views either 
of the evil or the remedy. 

Now, let us look at this gas, which we are desirous of 
convertiug to the purposes of heat, under the several aspects 
in which it may be presented under the varying degrees of 
temperature, or supplies of air. 

In the first instance, suppose the equivalent of air to be 
supplied in the proper manner to the gas, namely, by jets, 
for in this respect the operation is the same as if we were 
supplying gas to the air, as in the Argand gas-lamp. In 
such case one half of the oxygen absorbed goes to form 
steam, by its union with the hydrogen; while the other 
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volumes of tlie supporter, tlie process would liere be com¬ 
plete—perfect combustion would ensue, and no smoke be 
formed; the quantity of air employed being ten times the 
volume of the gas consumed. See Pig. 141, page 230. 

Again, suppose that but one half, or any other quantity, 
less than the saturating equivalent of air were supplied. 
In such case, the hydrogen, whose afBinity for oxygen is so 
superior to that of carbon, would seize on the greater part 
of this limited supply: while the carbon, losing its con¬ 
nection with the hydrogen, and not being supplied with 
oxygen, would assume its original black, solid, pulverulent 
state, and become true smote. The quantity of smoke 
then would be in proportion to the deficiency of air 
supplied. 

Eut smoke may be caused by an excess as well as a defi* 
ciency in the supply of air. This will be understood wPen 
we consider that there are two conditions requisite to effect 
this chemical union with oxygen, namely, a certain degree 
of temperature in the gas, as well as a certain quantity of 
air; for, unless the due temperature be maintained, the 
combustible will not be in a state for chemical action. 

Now, let us see how the condition, as to temperature^ 
may be affected by the quantity of air being in excess. 
If the gas be injudiciously supplied with air, that is, by 
larger quantities or larger jets than their respective equi¬ 
valent number of atoms can immediately combine wit\ as 
they come into contact, a cooling effect is necessarily pro¬ 
duced instead of a generation of heat. The result of this 
would be, that, although the quantity of air might be 
correct, the second condition, the required temperature, 
would be sacrificed or impaired, the union with the oxygen 
of the air would not take place, and smoke would be 
formed. 

Thus we perceive that the mode in which the air is intro¬ 
duced exercises an important influence on the amount of 
union and combustion effected, the quantity of heat deve- 
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loped, or of smoke produced; and, in examining tke mode 
of administering tke air, we sliall discover the true cause of 
perfect or imperfect combustion, in the furnace, as we see 
in the lamp. This circumstance, then, as regards the 
manner in which air is introduced to the gas (like the in¬ 
troduction of gas to the air), demands especial notice, as 
the most important, although the most neglected, feature 
in. the furnace, and in which practical engineers are least 
instructed by those who have undertaken the task of 
teaching them. 

We see, then, how palpably erroneous is the idea, that 
smoke, once formed, can be consumed in the furnace in 
which it is generated, and how irreconcileable is such a result 
with the operations of nature. The formation of smoke, in 
fact, arises out of the failure of some of the processes pre¬ 
paratory to combustion, or the absence of some one of the 
conditions which are essential to that consummation from 
which light and heat are obtained. To expect, then, that 
smoke, which is the very result of a deficient supply of heat, 
or air, or both, can be consumed in the furnace in which 
such deficient supply has occurred, is a manifest absurdity, 
seeing that, if such heat and air had been supplied, this 
smoke would not have existed. 

Whence, then, it may be asked, does the visible black of 
the cloud proceed? Solely from the uuconsumed portion 
of black carbon, insignificant though it may be in weight or 
volume. 

This carlon of the gas, being the sole black-colouring 
element of smoke, it is here necessary to examine the 
several phases and conditions of its existence and progress, 
before, during, and after, it has been in the state of flame. 
Marne is not the combustion of the gas. Tlame itself has 
to undergo a further process of combustion, being but a 
mass of carbon atoms, still wiconsumed, though at the tem¬ 
perature of incandescence and high luminosity. Tlame is 
then but one of the stages of the process of combustion. 
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Its existence marks the moment, as regards each atom, of 
its separation from, and the combustion of its accompanying 
hydATogen^ by which so intense a heat is produced as, in¬ 
stantaneously, to raise the solid carbon atom^ then in 
contact, to that high temperature: thus preparing it the 
more rapidly to combine with oxygen so soon as it shall 
have obtained contact with the air, bnt not a moment 
sooner. 

Instead, however, of administering the air while the 
carbon is at this high temperature of 3,000° (as we see in 
our gas-burners), our custom is first to allow it, or even 
'force it to cool down, by its contact with metallic tubes, to 
the state of soot; and then to expect, by some mechanical 
apparatus, to restore it to the necessary temperature from 
which it had been so gratuitously reduced. 

But, it may be asked, why allow it to lose its already 
acquired high temperature ? Why create a necessity for 
the sake of overcoming it? It seems an act of mere 
stupidity to waste the high temperature the carbon had 
thus naturally acquired, by allowing the opportunity to 
pass before we administer the only thing needful—namely, 
the air. 

We have seen how the carbon of the gas, in the absence 
of air and its oxygen, returns to its normal state of black 
solid atoms in the form of soot. It will here, then, be 
useful to illustrate the well-defined stages through which 
this carbon passes from its invisible state, as a constituent 
of the gas, to its visible state in smoke. In the following 
diagrams, representing its four stages, the carbon is placed 
in the centre of each figure. 

First Stage —Invisible and intangible, the carbon being then in 
chemical nnion, and surrounded by the two atoms of hycbogen, 
forming carburetted hydrogen gas. 

Second Stage— Visible, tangible, and raised by the heat produced 
on the combustion of its accompanying hydrogen to the temperature 
of incandescence, which, by their number, give the white luminous 
character to flame. 
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0 Third Stage —Invisible and intangihUj after its combustion— 
having then entered into union with two atoms of oxygen, and form¬ 
ing invisible carbonic acid (the oxygen being here represented as 
surrounding it). 

Fourth Stage— Visible and tangibUy in the state of lamp -black, 
^ or soot, having escaped combustion by not having had access to the 
^ air, before it was cooled below the temperature required for 
chemical action. 

Of the comparatively insignificant value of tliis carbon as 
one of the elements of the cloud of smoke, tbe annexed 
diagram "will convey a sufficiently correct idea as to tbe 
relative number, vp-eigbt, and bulk of eacb. 
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Thus we see that out of the 21 atoms which are the con¬ 
stituents of any given weight of smoke, the only combustible 
one,—the carbon, weighs but 6,—the incombustible and 
invisible portion weighing 286. As to volume, we see, as 
above, the comparatively insignificant space it occupies, 
although it possesses the power of giving the black tint to 
the cloudy mass. These volumes are here supposed to be 
at atmospheric temperature. When, however, we consider 
that, with the exception of the carbon^ which alone (being a 
solid) retains its original diminutive bulk, while all the 
others, being gaseous, will be enlarged to double, possibly to 
treble their previous bulk, in proportion to their increased 
temperature,—we are amazed, not only at the comparative 
insignificance of the carbon, but at our own credulity in 
believing that this merely blackened cloud could be made 
available as a fuel, and a source of heat. 

G-enerally speaking, this black cloud is supposed to be an 
aggregate or mass of carbon, in the form of a sooty powder. 
This is, manifestly, an error, since that would assume that 
the three other products—nitrogen, carbonic acid, and 
steam—in their great volumes, had been neutralised, or 
otherwise disposed of. As, however, that is impossible, 
smoke must be taken as it is,—namely, a compound cloud of 
all these three gaseous bodies, together with the portion, 
more or less, of the solid, uncombined, visible free carbon, 
then in the fourth stage. Here, then, is a definition of 
smoke, which is susceptible of the most rigorous proof. 

We see the black cloud from a chimney extending for 
miles along the horizon, and hence conclude that the quan¬ 
tity of carbon must be considerable to produce such an 
efiect. Nothing but strict chemical inquiry could have 
enabled us to correct this error. Ey it we ascertain that 
this black cloud is tinted, literally but tinted, by the atoms 
of carbon, and, which, though issuing in countless myriads, 
are comparatively insignidcant in weight or volume, or in 
commercial value as a combustible. In truth, the eye is 
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deceived as to tlie mass by the extraordinary colouring 
effect produced by the minuteness, but great number, of its 
atoms of carbon. 

And now as to the relative quantities of the several con¬ 
stituents of smoke: 1st, of the invisible nitrogen. As 
atmospheric air contains but 20 per cent, of oxygen, the 
remaining 80 per cent, being the nitrogen^ passes away, 
invisible and uncombined. If, then, a ton of coal requires, 
absolutely, for its combustion the oxygen of 300,000 cubic 
feet of air, the 80 per cent., or 210,000 cubic feet of invisible 
and incombustible nitrogen, forms the first ingredient of 
this black cloud. 2nd, of the invisible carbonic acid,' This 
portion of the cloud may be estimated as equal in volume to 
the 20 per cent, of oxygen which had effected the combus¬ 
tion of the carbon both of the gas and the colce of the coal. 
3rd, of the invisible steam formed by the combustion of the 
hydrogen of the gas. In this will be found the great source 
of the prevailing misapprehension; yet no facts in chemistry 
are more accurately defined than those which belong to the 
formation, weight, and volume of the constituents of steam. 

The following extract from a paper read before the Insti¬ 
tution of Civil Engineers, being from the report, already 
mentioned, by Professor Earaday to the Athenseum Club, is 
much to the point of this inquiry—particularly as regards 
the great volume of water resulting from the combustion of 
the coal gas.:— 

“All sulDstauces used for the purposes of illumination may 1)6 repre¬ 
sented by oil and coal gas. Both contain carbon and hydrogen, and it is 
by the combustion of these elements with the oxygen of the air that light 
is evolved. The carlon produces carbonic acid^ which is deleterious in its 
nature and oppressive in its action in closed apartments. The hydrogen 
produces water. A pound of oil contains about 0*12 of a pound of 
hydrogen, 0 *78 of carbon, and 0 *1 of oxygen. When burnt, it produces 1*06 
of water, and 2*86 of carbonic acid; and the oxygen it takes from the 
atmosphere is equal to that contained in 13*27 cubic feet of air. A pound 
of London gas contains on an average 0*3 of hydrogen, and 0*7 of carbon. 
It produces, when burnt, 2*07 of water, 2*56 of carbonic acid gas, con- 
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sumes 4'26 cuHc feet of oxygen eq^nal to tlie quantity contained in 19'3 
cnlDical feet of air. A pint of oil, when burnt, produces a pint and a 
quarter of water; and a pound of gas^ more than two and a half pounds 
of water —the increase of weight l^eing due to the absorption of oxygen from 
the atmosphere—one part of hydrogen taking eight parts, by weight, of 
oxygen to form water. A London Argand gas lamp in a closed shop 
window will produce, in four hourSt two pints and a half of water, to 
condense, or not, upon the glass or the goods, according to circumstances.” 

To saj, then, that above 900 Ihs. weight of water (nearly 
half the weight of the ton of coal consumed) passes from 
the furnace, and by the chimney, in the form of steam, 
though produced by the 5i per cent, of hydrogen alone, 
•which the coal contained, may appear exaggeration : never¬ 
theless, the fact is unquestionable, the details of which it is 
here unnecessary to repeat. I!^ow, when we consider the 
enormous mass of steam that would be produced by the 
vapour of this nearly half a ton weight of water (indepen¬ 
dently of the nitrogen and carbonic acid), we can readily 
account for the magnitude of the cloudy vaporous column of 
the smoke. 

The next consideration is, as to the value of the carbon 
which produces the darkened colour of the smoke cloud. 
Now, the weight of this carbon, in a cubic foot of black 
smoke, is not equal to that of a smgle grain. Of the extra¬ 
ordinary light-absorbing property and colouring effect pro¬ 
duced by the inappreciable myriads of atoms of this finely- 
divided carbon, forming part of the cloud of the steam 
alone, some idea may be formed by artificially mixing some 
of it when in the deposited state of soot with water. Eor 
this purpose, collect it on a metallic plate held over a candle 
or gas-jet, and touching the flame. Let a single grain weight 
of this soot he gradually and intimately mixed on a pallet, 
as a painter would, with a pallet-knife: first, with a few drops 
of gum-water, enlarging the quantity until it amounts to a 
spoonful. On this mixture being poured into a glass globe 
containing a gallon of water, the whole mass, on being 
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stirred, will become opaque, and of the colour of ink. Here 
we have physical demonstration of the extraordinary 
colouring effect of the minutely divided carbon— a single 
weight ♦being sufficient to give the dark colour to a 
gallon of water. Whatever then may be the quantity or 
number of its atoms, we see from the cloud of incombustible 
matter with which this carbon is so intimately associated, 
as smoke^ that even attempting its separation and collection, 
independently of its combustion, borders on absurdity. 

It has already been mentioned that carbonaceous smoke 
may always be distinguished from gas by the test of 
applying to it a sheet of paper. Whatever may be the 
colour of the vapour as it rises from the coal in the retort 
or on an open fire, while there is still no flame, the paper 
will not be soiled by carbon, simply because it is inaccessible 
being then in the flrst stage, as above shown, and in com¬ 
bination with the gaseous hydrogen. Whereas, in smoke, 
and after fiame has been produced, the carbon, being then 
separated and cooled down from its state of fiame, is 
encountered (as in the fourth stage) in the form of black 
atoms, and will be deposited on the paper. 

It may here be noted that the mere motion of the smoky 
cloud as it ascends in the air, has all the peculiarities of 
a body of discharged steam with its rolling, ascending, and 
diffusive character. Its long continuance in the suspended 
state in the atmosphere, is the reverse of what would be the 
case were it a mere mass of solid atoms of carbon. In calm 
weather we even see this black cloud ascending vertically, 
and to a great height—a circumstance that is wholly incom¬ 
patible with its greater specific gravity, were its atoms 
unattached to some vaporous or more buoyant body. 

In truth, we cannot dissociate the ideas of the formation 
of the two atoms of steam (with their inferior specific 
gravity), from the simiiltaneous separation of the carbon 
with its comparatively high specific gravity,—this carbon 
being, in volume, as disproportionate to that of the steam, 
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as the car is to a balloon to which it is attached. As 
regards this disproportion in lulh, wo know that the 
volume of each atom of steam is 1,800 times greater than 
that of the atom of water from which it was formed. Here, 
alone, then, would he a ratio of 3,600 to one. "When, also, 
we consider the temperature, and high pressure, and conse¬ 
quent enormous espansion of this steam, at the moment of 
its formation; and passing from the chimney (the atom of 
carbon, or solid, alone retaining its original diminutive 
bulk), we are enabled correctly to appreciate the relative 
volumes of the minute comlustible carlon, and the incom’- 
bustiUe steam, Were it possible to examine microscopically 
this smoke, it would be seen that each atom of the carbon 
was mechanically attracted by, and adhering to, two or more 
spherical atoms of steam, possibly multiplying by reflection 
its appearance and effect as from so many mirrors. We see 
that by virtue of this adhesion to the atoms of steam, it 
obtains its ascending power and buoyancy, as the car does 
from the balloon, 

!N^evertheless, in contempt of chemical truth, and even 
common observation, we persevere in speaking of the com-- 
bustion of the cloud of smoke. It surely would be as easy 
more rational, and more correct, to speak of its prevention. 
Had even these terms been properly understood, the 
absurdity of the late Metropolitan Act, for the “ com¬ 
bustion of the smoke of furnaces,” would have been too 
obvious to have had the sanction of Parliament. 

In looking at the result of imperfect combustion of the 
carbon of the gas, and its conversion into the black element 
of soot, it may here be oberved that the mere waste of so 
much fuel is insignificant in mischievous agency in com¬ 
parison to the effect of its deposit in the form of the most 
powerful non-conductor of heat in the tubes and flues of 
the boiler,—thus effectively neutralising their value as 
heating surfaces. Those, therefore, who insist on asserting 
that smoke is a combustible, and may be burned, should be 
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prepared to sTiow how this cloud of watery vapour and 
gaseous matter can he separated from its minute comple¬ 
ment of carbon:—for, until that separation is effected, it is 
as absurd to speak of the combustion of the cloud of sonolce, 
as it would be of converting the air in the cloud of dust, 
which blows along our streets, to a profitable manure, for 
the mere sake of the particles of solid matter which'it holds 
in suspension. 

’ '“'“"idy mass with reference to 

the separation of the 
1 is practically im- 

e formation of smoke 
air to the combustion 
contains), at the time 
ndescence it was best 
due consideration to 
s supply of air to the 
3 proper quantity, be 
^r practical engineers 
^rd. tiie question as ot secondary importance, or almost 
with neglect, we cannot expect any reformation of the 
system of furnace details. 
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EXTEACTS FEOM THE SECOHB EEPOET TO THE STEAM COAL 
COLLIEEIES’ ASSOCIATION, NEWCASTLE-UPON-TYNE. 

* Gentlemen,— 

In submitting to you our further Keport upon the question 
which you have referred to our decision, we have to observe, that it 
would have been easy for us to have selected and submitted to trial 
certain of the competitors’ plans, and to have reported to you on their 
comparative merits at a much earlier period. But such a course 
would neither have done justice to you nor to the important question 
which we had to decide, inasmuch as one of the principal conditions 
established for the competition was, that the plans submitted should 
not diminish the evaporative power of the boiler. 

It was, therefore, our first object to ascertain this evaporative power 
as a standard of reference. 

The boiler built for these experiments presented no peculiar features. 
The annexed drawing will show that it was the ordinary type of a 
marine multitubular boiler, such as is generally considered to present 
the greatest difficulty as regards the prevention of smoke. 

It contained two furnaces, each three feet wide, and 135 tubes 5| 
feet long and three inches internal diameter, and had an aggregate 
heating surface of 749 square feet. 

The heater, which was subsequently added, as mentioned in the 
ninth paragraph of our former Keport, was used for the purpose of 
heating the feed water. It in no way altered the condition of the 
boiler, except by reducing the temperature of the escaping gases, and 
thereby, to some extent, diminishing the draught and rendering the 
prevention of smoke somewhat more difficult, whilst, at the same time, 
it slightly increased the evaporative effect by its additional absorbing 
surface. 

This increase was, however, much less than might have been 
expected from tbe large absorbing surface of the heater, wffiich con¬ 
tained 320 square feet; yet it was found that, when the products of 
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combustion before entering the beater were at 600°, tbe passage 
through it did not reduce the temperature more than about 40° to 50°. 

The whole of the experiments with the competitors’ plans were 
made with the boiler after the heater was added, as also were those 
made previously for establishing the standard of reference. 

We have established as the standard the means of a series of experi¬ 
ments during which the firing was conducted according to the ordinary 
system, every care, however, being taken to get the maximum of work 
out of the boiler by keeping the fire-grates clean and by frequent 
stoking. Ko air was admitted except through the fire-grates, and as a 
consequence much, and often a very dense smoke was evolved. 

As the economic effect of the fuel increases when the ratio of the 
fire-grate surface to the absorbing surface is diminished, we have 
adopted two sizes of fire-grates, and consequently two standards of 
reference. With the larger fire-grate the amount of work done by the 
boiler per hour is greatest, but this is done at a relative loss of 
economic value of the fuel as compared with the smaller grate. 

The one gives us the standard of maximum evaporative power of 
boiler,—the other the standard of maximum economic effect of the 
fuel. 

The fire surfaces used for fixing those standards were 28i and 19J 
square feet respectively. 

Each competitor was allowed to vary his fire-grate to meet these 
two standards, and in the tabulated forms hereinafter given, the 
results obtained are compared with the standards as well as with the 
maximum results which we have arrived at in our own experiments. 

With these prefatory remarks we now proceed with our Report. 

The total number of plans submitted to us was 103, which, upon 
examination, we found might be arranged in the following classes :— 

1st Class.—Requiring no special apparatus, and depending upon 
the admission of cold air into the furnace or at the bridge. 

2nd Class.—Requiring no special apparatus, and depending upon 
admission of hot air into the furnace or at the bridge. 

3rd Class.—Requiring special adaptations of the furnace of more 
or less complexity, but yet applicable to the ordinary type of 
marine boiler. The most of this class admitting air above the 
fire-grate surface. 

4th Class.—Requiring self-acting or mechanical apparatus for 
supplying the fuel. 

5th Class.—The smoke burning systems, the principle of which is 
to pass the products of combustion through or over a mass of 
incandescent fuel. This class might be subdivided into two, in 
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one of whicli the gases pass downward through a part of the 
fire-grate into a close ash-pit, and thence to the flame chamber 
or tubes, and in the other the gases, &c., from one furnace are 
passed into the ash-pit and upwards through the fire-gate of 
another furnace, and in which arrangement the process is alter¬ 
nated by a system of doors or dampers. 

6th Class.—Proposing the admission of steam mixed with the air 
into the furnace as a means both of preventing smoke and in¬ 
creasing the evaporative effect of the fuel. 

7th Class.—Such projects as are either impracticable or not appli¬ 
cable to the ordinary type of marine boilers, and consequently 
not in accordance with the established conditions. 

The following table shows the number of plans sent in, arranged in 
the above classes :— 


Class 1 


if 

» 

f) 

» 

a 


2 

3 

4 

5 

6 
7 


9 

16 

15 

6 

12 

1 

44 


103 


After full consideration we selected the following plans for trial at 
your expense:— 


From Class 1.—Messrs. Hobson and Hopkinson, Huddersfield. 
Mr. C. W. Williams, LiverpooL 
Mr. B. Stoney, Dublin. 

From Class 3.—Mr. Kobson, of South Shields. 

We did not feel ourselves justified in tryiug any of the other plans 
at your expense, but in acquainting the remainmg competitors with 
our decision, we stated that we were ready to submit their plans also 
for trial if they desired it, in conformity with the fifth paragraph of the 
original advertisement. None of these parties, however, availed them¬ 
selves of the opportunity thus given of testing their plans at their own 
expense. 

The standard of reference alluded to in the 14th and 15th paragraphs 
of the present Report are as follows:— 
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Eire Grate 28i 
Square Feet. 


A. 

B. 

Economic value, or lbs. of water evapo¬ 
rated from 212® by 1 lb. of coal . 

9*41 

11-15 

Rate of combustion, or lbs. of coal 
burned per hour per square foot of 
fire grate . 

21*15 

19-00 

Rate of evaporation per square foot of 
fire-grate per hour in cubic feet of 
water from 60® . 

2-62 

2-93 

Total evaporation per hour in cubic feet 
of water from 60°. 

74-80 

79-12 


The columns A contain the standards of reference 
as above, whilst the columns B give the mmn of th, 
obtained by our own experiments when making no smoke. 

The first plan submitted for trial was that of MI 
Shields, which we selected as a type of several of the pli 
in Class 3, and as in our opinion the most likely of its 
successful. The principle of this plan is to divide the 
two fire-grates, the one at the back being shorter than t 
placed at a lower level. This back grate is furnished "v 
door-frame and door, for the purpose of enabling the 3 
the bars and remove the clinker when required. THi 
provided with an aperture fitted with a throttle valve 
inside a distributing box perforated with half-inch he 
manner practised by Mr. Wye Williams. The front grs 
ordinary fire-gi'ate, but without any bridge. The mode 
is to throw all the fresh coal upon the front grate, aixc 
back or lower grate supplied with cinders, or partial 1 
which is pushed on to it from time to time from the ul 
grate. No air is admitted at the door of the upper g 
gases arising from it meet with the current of fresh, 
through the door of the lower grate, and in passing ov 
fire upon it are to a greater or less degree consumed. 

With respect to absence of smoke, we have to report ‘ 
is only partially successful. It diminishes the amount o 
siderably, but it requires careful and minute attenhi 
stoker, otherwise a good deal of smoke at times apj: 
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ticularly when fresh fuel is pushed forward from the upper to the 
lower grate. 

Kr. Robson’s fire-grate surface was 324 square feet. 

As regards economic value of fuel and work done, the following was 
the result:— 

Economic value of fuel . . , .10-70 lbs. 

Rate of combustion . . . . . 15-50 „ 

Rate of evaporation per square foot per hour 2-14 cubic feet. 

Total evaporation from 60° ditto . . 70*50 „ 


Comparing these results with the standard, we get 



Robson. 

Standard. 

More. 

Less. 

Area of fire grate . 

32*50 

28-50 

Per Cent. 
14*03 

Per Cent 

Economic value of fuel. 

10-70 

9‘41 

13-7 

... 

Rate of combustion . 

10-52 

21*15 


26*7 

Rate of evaporation . 

2-14 

2*62 


18*4 

Total evaporation. 

70-50 

74*80 


5*8 


From this it appears that though there was an increase of economic 
value of fuel to the extent of 13*7 per cent., there was a loss of work 
done by the boiler to the extent of 5*8 per cent., and this, although 
the fire-grate was greater by four square feet, or 14 per cent. 

This result may be traced to the nature of the apparatus. Owing to 
the large admission of air at the fire-door of the lower or back grate 
requisite to prevent smoke, the fuel on the front grate burns sluggishly, 
and hence the falling off in the rate of combustion and the work done. 

The heat in the back grate was very intense, but the generation of 
heat being thus thrown nearer to the tubes, the effect of the absorbing 
surface above the front grate was greatly impaired. 

We think also that the very intense heat in the back grate would be 
more injurious to the boiler and the tubes than the more equally dis¬ 
tributed temperature which results from the ordinaiy description of 
fire-grate. 

Another objection to this system is the constant attention required 
from the stoker, to keep the fires in order, and the difficulty in 

M 2 
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iie back grate, where it tends to form in 

bo trial was that of Messrs. Hobson and 
In this system air is admitted both at 
At the doors by means of vertical slits, 
t at will by a sliding shutter, and at the 
lollow brick pillars placed immediately 
the air to these pillars is regulated by 
i lever in the ash-pit. There are also 
Q the flame-chamber, with the intention 
.ts of gases, so as to ensure their mixture 
lalise the temperature, 
loke, we have to report that this plan was 
firing it required considerable attention 
ning about 15 lbs. of coal per square foot 
as visible, even with ordinary firing, but 
,sed to 21^ lbs. per square foot per hour, 
irefully attended to, or smoke, though in 
pear. 

ison’s fire-grate surface was originally 274 
'^uently reduced to 18 J square feet, 
nd work done, the following were the 



Fire Grate, 
Sq. Feet. 

Fire Grate, 
181 Sq- Feet. 

Economic value of fuel . 

lbs. 

11-08 

lbs. 

11-70 

Rate of combustion. 

14-25 

21-50 

Rate of evaporation per square foot per hour 
from 60° . 

Cubic Feet. 
2-18 

Cubic Feet. 
3-49 

Total evaporation from 60°. 

60-03 

63-62 


Comparing these results with the standards, we get— 
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LARGE FIRE GRATES. 


Hobson and 
Hopkinson. 

Standard. 

More. 

Less. 


Feet. 

Feet. 

Per Cent. 

Per Cent. 

Area of fire-grate ... 

27-5 

28-5 


3*7 


lbs. 

lbs. 



Economic value. 

11-08 

9*45 

17T 

... 

Rate of combustion.. 

14*25 

21*15 


32*7 


Cubic Feet. 

Cubic Feet. 



Rate of evaporation. 

2T8 

2*62 

... 

16*8 

Total evaporation ... 

60*03 

74*80 

... 

19*8 

SMALL FIRE GRATES. 


Hobson and 
Hopkinson. 

Standard, 

More. 

Less. 


Feet, 

Feefc. 

Per Cent. 

Per Cent. 

Area of fire-grate ... 

18*25 

19*25 

... 

5*2 

lbs. 

lbs. 



Economic value. 

11-70 

10-06 

16*3 

... 

Rate of combustion.. 

21*50 

21*00 

2*3 



Cubic Feet. 

Cubic Feet. 



Rate of evaporation. 

3*40 

2*909 

19*9 

... 

Total evap. from 60® 

63*62 1 

56*01 

13*5 

... 


From these tables it appears that with the large fire-grate there was 
an increase of economic value of fuel, although less work was done; 
whilst with the small grates there was a decided increase both of 
economic value and of work. Had the fires been harder pushed with 
the large grate, we have no reason to doubt that, although the economic 
value would have been somewhat less, the work done would have been 
up to the standard- 

The only objection to this system is that the brickwork is liable to 
crack and get out of repair; but we do not attach much importance to 
this, as we believe that the existence of this brickwork is of no con¬ 
sequence, and that the results obtained are due simply to the admission 
of air to the gases. 

The system is applicable to all the usual forms of boilers, the com¬ 
bustion is very good, and, with moderate firing, it does not much 
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depend upon tlie stoker, and we are therefore of opinion that it com¬ 
plies with all the prescribed conditions. 

The next plan tried was that of Mr. C. Wye Williams, of Liverpool. 

Mr. Williams’ system, as is well known, consists in the admission of 
air at the furnace door, or at the bridge, or at both, by numerons small 
apertures, with tbe intention of diffusing it in streams and jets amongst 
the gases. In the plan adopted in the present instance, Mr. Williams 
introduces the air only at the front of the furnace, by means of cast 
iron casings, furnished on the outside with apertures provided with 
shutters, so as to vary the area at will, and perforated in the inside 
with a great number of half-inch holes. The mode of firing which Mr, 
Williams adopts merely consists in applying the fresh fuel alternately 
at opposite sides of the furnace, so as to leave one side bright whilst the 
other is black. 

The original fire-grate proposed by Mr. Williams was 22 square 
feet, which was subsequently reduced to 18 square feet. 

As regards economy of fuel and work done, the following were the 
results:— 



Fire Grate, 
22 Sq. Feet. 

Fire Grate, 
18 Sq. Feet. 

Economic value of fuel . 

lbs. 

10*84 

lbs. 

11*30 

Rate of combustion... 

26-98 

27-86 

Rate of evaporation... 

Cubic Feet. 
4-04 

Cubic Feet. 
4*31 

Total evaporation . 

88*96 

76*92 


Comparing these results with the standards, we get— 


LAEGE FIRE GRATE. | 


Williams. 

Standard- 

More. 

Less. 


Feet. 

Feet. 

Per Cent. 

Per Cent. 

Area of fire grate ... 

22*0 

28*5 

... 

24 

lbs. 

lbs. 



Economic value of fuel 

10*84 

9*45 

11*5 


Rate of combustion,. 

26*98 

21*15 

27-4 



Cubic Feet. 

Cubic Feet. 



Rate of evaporation. 

4*04 

2*62 

54*2 

... 

Total evaporation ... 

88*96 

74*80 

19 

... 
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SMALL FIRE GRATE. 


Williams. 

Standard. 

More. 

Less, 

Area of fire grate ... 

Feet. 

Feet. 

Per Cent. 

Per Cent. 

18-00 

19-25 

... 

6*5 


Ihs. 

lbs. 



Economic value. 

11-30 

10-06 

12-3 


Kate of comhustion . 

27*36 

21-00 

30-3 



Cubic Feet. 

Cubic Feet. 



Rate of evaporation. 

4-31 

2-909 

48-0 

... 

Total evaporation... 

76-02 

56-01 

37-3 

... 


These results showa large increase above the standard in every respect. 

The prevention of smoke was, we may say, practically perfect, 
whether the fuel burned was 15 lbs. or 27 lbs. per square foot per hour. 
Indeed, in one experiment, we burned the extraordinaiy quantity of 
374 lbs. of coal per square foot per hour upon a grate of 15^ square feet, 
giving a rate of evaporation of SJ cubic feet of water per hour per 
square foot of fire grate, without producing smoke. 

No particular attention was required from the stoker, in fact, in this 
respect ; the system leaves nothing to desire, and the actual labour is 
even less than that of the ordinary mode of firing. 

Mr. Williams’ system is applicable to all descriptions of marine 
boilers, and its extreme simplicity is a great point in its favour. 

It fully complies with all the prescribed conditions. 

The next and last plan submitted to trial was that of Mr. B. Stoney, 
of Dublin. 

In principle, so far as regards the prevention of smoke by the 
admission of air through the doors, and at the front of the furnace, this 
plan is identical with that of Mr. Williams-. Its peculiarity consists in 
the adoption of a shelf outside the boiler, forming, in fact, a continuation 
of the dead plate outwards. Upon this shelf the fresh charge of coals 
is laid in a large heap, about half of the heap being within the furnace, 
and the rest outside. The door is a sliding frame, which shuts down 
upon the top of this heap of coals, so that air is admitted through the 
body of the coals as well as through perforations in the front plate of 
the furnace. When the furnace requires fresh fuel, a portion of that 
forming the heap, and which, to some extent, has parted with its gases, 
is pushed forward and its place made up by fresh fuel laid on in front. 

This plan did not succeed in preventing Smoke, for whenever the 
coal was pushed forward upon the fire, dense smoke was evolved. 

We regret that Mr. Stoney was not personally present to see the 
result, which we think would have entirely satisfied him that the 
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method he proposed did not comply with this important condition. 
Under these circumstances, we did not proceed to determine the 
economic value of the fuel or work done by this system. 

In the following tables the results in each case are compared with the 
standards, and also with those of our own experiments when making 
no smoke. The former marked A and the latter B. 


LARGE FIRE GRATES. | 


A. 

Standard 

B. 


Hobson 



Our ex¬ 
periment 

Robson. 

and Hop- 
kinson. 

Williams. 


sq. feet. 

sq. feet. 

sq. feet. 

sq.’ feet. 

sq. feet. 

Area of grate, square feet. 
Economic value of fuel or 

m 

00 

cq 

324 

27i 

22 

water evaporated from 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

212 " by lib. 

Rate of combustion per 

9-41 

11-15 

10-27 

11-08 

10-84 

square foot of grate per 
hour. 

21-15 

19-00 

15-52 

14*25 

26-98 

Rate of evaporation per 






square foot of grate per 

0 . feet. 

c. feet. 

c. feet. 

c. feet. 

c. feet. 

hour from 60°. 

Total evaporation in cubic 

2-62 

2-93 

2-14 

2-18 

4-04 

feet per hour from 60°... 

74-80 

79-12 

69-52 

60-03 

88-96 

SMALL EIRE GRATE. 


A. 

Standard 

B. 


Hobson 



Our ex¬ 
periment 

Robson, 

and Hop- 
kinson. 

Williams. 


sq. feet. 

sq. feet. 


sq. ft. 

sq. ft. 

Area of Grate. 

19i 

19i 

'■6 

184 

18 

Economic value of fuel or 



*§ 



water evaporated from 

lbs. 

lbs. 


lbs. 

lbs. 

212 " by 11b. of coal ... 

10-06 

12-58 

§ 

11-70 

11-30 

Rate of combustion per 
square foot of grate per 

hourl.. 

Rate of evaporation per 

21-00 

17*25 

1 

1 

21-50 

27-36 

square foot of grate per 

c. feet. 

c. feet. 

c. feet. 

c. feet. 

hour . 

2-909 

2-995 


3-49 

4-31 

Total evaporation per hour 

56-01 

67-78 


63-62 

76-92 


With the above results before us, we are unanimously of opinion 
that Mr. Williams must be declared the successful competitor, and we 
therefore award to him 'the premium of £500 which you offered by 
your advertisement of 10th May, 1855. 

It is true that in economic value of fuel the tabulated results of Mr. 
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Williaras’ trial are about 2 per cent, inferior to those of Messrs. Hobson 
and Hopkinson, but on the other hand the amount of work done is 
much greater. 

By Mr. Williams’ plan the quantity of water evaporated with a 22 
feet grate, was 48 per cent, greater than with the 27 feet grate used in 
Messrs. Hobson and Hopkinson’s case, and 20 per cent, more with an 
18 feet grate. 

We should also mention that, in an experiment not tabulated, Mr. 
Williams obtained an economic value of 11*70, and a total evaporation 
of 61*59 cubic feet, with a 22 feet fire-grate, results which exceed those 
of Messrs. Hobson and Hopkinson’s experiments, with 27^ feet fire-grate, 
and equal in economic value of fuel their results with 18 feet fiire-grate. 

An important feature in Mr. Williams’ system is that it may be suc¬ 
cessfully applied under very varied circumstances. We have above 
given results obtained with fi:re-grates of 22 square feet and 18 square 
feet; but in order to test the matter still further, we reduced the fire¬ 
grate to 15| square feet, with the following result:— 

Area of fire-grate.15^ sq. feet. 

Economic value of fuel.10*66 lbs. 

Rate of combustion per square foot of grate 
per hour.37*4 lbs. 

Rate of evaporation per square foot of grate 

per hour.5*51 c. feet. 

Total evaporation per hour . . .. 85*30 „ 

The results which we ourselves attained exceed, in economic value 
of fuel, all the results of the experiments made with the competitors’ 
plans. This was chiefly the case with the small fire-grates, and was 
due in a great degree, if not altogether, to the smaller amount of fuel 
burned per square foot of grate per hour. 

The consequence of this was a more complete (ib^orption of the heat 
generated, so that the products of combustion escaped from the 
chimney at a temperature lower by about 200® when we obtained our 
best economic results, than they did during the trials of the com¬ 
petitors’ plans. It must be remembered that this increase in the 
economic value of the fuel is obtained at the expense of the work done, 
but it is highly satisfactory to find that (as is shown in columns A and 
B of the last tables), "Oie greaJb increctse in the economic value is also 
accompanied with a decided increase in worh done when perfect combustion 
is attained and smoke prevented. 

Before concluding we might ofier some further observations upon the 
results we have obtained, and on various interesting and important 
questions which have presented themselves during the course of our 
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inquiries, but to do so in a manner at all satisfactory would be im¬ 
possible witbin tbe limits of a Eeport like the present. 

We must, therefore, content ourselves with pointing out three chief 
conclusions at which we have arrived, and which, we believe, will prove 
of great advantage as well to your interests as to those of all connected 
with steam navigation. 

1st.—That hy an easy method of firing, combined with a due admission 
of air in front of the furnace, and a ‘proper arrangemmt of fire-grate, the 
emission of smolce may be effectually prevented in ordinary manne multi¬ 
tubular boilers whilst using the steam coals of the ^‘Hartley District'^ of 
Northumberland. 

2nd.—That the prevention of smolce increases the economic value of the 
fuel and the evaporative power of the boiler. 

3rd.— That the coals froin the Hartley District have an evaporative 
power fully equal to the best Welsh steam coals, and that practically, as 
regards steam navigation, they are decidedly superior. 

This last conclusion is contrary to tbe general opinion, which, based 
upon the Reports presented to Government by Sir H. de la Beche and 
Dr. Lyon Playfair, is strongly in favour of Welsh coal. 

The effect of those Reports has been to do the Northumberland 
coal-field an immense injury, and we feel this so strongly that we beg , 
to lay before you a few observations on the subject in a short supple¬ 
mentary Report accompanying this. 

We cannot conclude this Report without bringing to your notice the 
services of Mr. William Reed, to whom we entrusted the practical 
management of the long series of experiments which we deemed it 
right to make. 

To his intelligence and unwearied attention we are much indebted, 
and we can only add that we have every reason to congratulate our¬ 
selves and you upon having had the benefit of his valuable assistance 
throughout the whole of this long and important inquiry. 

We have the honour to be, Gentlemen, 

Your obedient Servants, 

JAS. A. LONGRTDGE, 

18, Abingdon Street, Westminster. 

W. G. ARMSTRONG, 

N e.wcastle-on-Tyne. 

THOMAS RICHARDSON,^ 
Newcastle-on-Tyne. 

Newcastle-on-Tyne, IGth January, 1858. 
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